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PREFACE 



The Engineering Design Handbotk Series of the Army Materiel Coamand Is a coordlrated 
series cf handfucks containing basic Information and fundamental data useful In the design 
and development of Army materiel ant systems. The handbooks are authoritative reference 
;jok$ of practical Information and quantitative facts helpful In the design and development 
of Any materiel so that It will meet the tactical and technical needs of the Armed Forces. 

AMO* 7JK-177, Prcpcrtiti of exploring of Hilitary InUrott, is one of a series cn 
Explosives. One hundred and ten explosive compounds or mixtures are listed herein, alpha- 
betically, with their properties, Including comt>os1tion verletlors. Thesi explosives were 
selected because of their current or probabi' application to military use. 

The tabulated date reflect the results of tests, end were Irst compiled for publica- 
tion at Plcatlnny Arsenal, Dover, New Jersey, by W. R. T o»11nson. Jr. These data were 
later revised by Oliver E. Sheffield, also of Plcatlnny Arsenal . fc.* the Engineer, g Hand- 
book Office of Duke University, prime co tractor to the Army Kataial Cowend. 

The Handbooks are readily available to all elements cf AMC, including personnel and 
contractors having a need end/or requirement. The Army Materiel Cowend policy fs to re- 
lease these Engineering Design Handbooks to ether 000 activities and their contractors 
and to other Government agencies In accordance with current Army Regulation 70-31, dated 
9 September 1966. Procedures for acquiring these Handbooks follow: 

a. Activities within A VC end other 000 agencies order direct on an official 

form from: 

Cowwnd1n s Officer 

Letterkenrvy Army Depot, ATTN: AMXLE-ATD 
Chambers bur j, Pennsylvania 17201 

b. Contractors who ^ve Departwnt of Defense contracts should submit their 
requests through their contracting officer proper justification to the eddress 
listed In par. a. 

c. Government agencies other than Ob.1 having need for the Handbooks may submit 
their requests directly to the address llsteo In par. a or to: 

Comwnding General 
U. S. Army Materiel Coamtand 
ATTN: AMCAM-ABS 
Washington, 0. C. 20315 

d. Industries not having Govemwnt contracts (this Includes colleges and 
Universities) must forward their requests to: 

Cowandlng General 
U. S. Army Materiel Command 
ATTN: AMCRD-TV 
Washington, 0. C. 20315 

e. All foreign requests rust be submitted through the Washington, D. i;. 

Embassy to: 

Assistant Chief of Staff for Intelligence 
Foreign Liaison Office 
Department of the Army 
Washington, 0. C. 20310 

All requests, other than those originating within D0D, must be accompanied by a 
valui justification. 

Comments a no suggestions on this handbook are welcomed and should be addressed 
to Army Research Gfflce-Ourhait, Box CM, Duke Station, Durham, North Carolina 27706. 
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British Intelligence Overseas Service or Objective 
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strcss/change in length; (force/area) / (elongation/ 
length); e:pr*ssed in lb/inci. 2 . 
same as E, but expressed in dynes/cm 2 . 
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Journal fur prsktlsche Chemle. 
lead az'de 

Lardolt-Bornsteln Phy s lka 1 1 sh-Cheui sche Tsbellen, 
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PROPERTIES OF EXPLOSIVES OF MILITARY INTEREST 

INTRODUCTION 

1 gmagjMBg A RgQBT Of SHJCARD USTS. Ho effort was made tc cover all the exletlsg 
literature, &er open or "classified security Information, on sty explosive. Rather, the 
Min rMouzu* tea been retorts from facilltisa using. standard c.- well-known tost procedures- 

g, OfilOlI. Compilation of data resulting In this handbook vns undertaken by Pico tinny Arsenal 
persceneiwho desired to provide a Mnual tabulating the characteristics of explosives, based 
on tests, with regard to current, and possible future, Interest. Hie first resulting Pice tinny 
Arsenal publication was dated SO June 19^9* Bevision 1, PA Technical Report Ho. lTfcO, dated 
April l^, with rrri sloes, provides the data used herein. 

i. 3X1%, Tabulated data of tests on one hundred and ten explosive compound* or mixtures 
include sensitivity to friction, Impact, teat; performance characteristics or effectiveness 
is sespons; physical sad chenlosl properties; and nsthod of prepsratlor, synthesis or nanufac- 
ture, with rn ii mti on 1 .stories l origin, and supplementary references. 

*. H1HHB05 Houmous AMD SOURCES. The references, as to sources of data or for snore details 
in methods of testing, have been listed, when svellsbls, at the e.d of each sectlou devoted to 
a given explosive confound, explosive mixture, or explosive Ingres lent. Where no reference is 
given, it can be assumed that these date represent typical values obu -ined by standard proce- 
dures. When available any reference should be consulted for more details In interpreting test 
data. 

Also there are listed Plcatinny Arsenal Technical Reports which contain r ldltlonal informa- 
tion on the particular exoloelve. These report numbers are given In ascending order, In columns 
corresponding to their teialnal digits, and In accordance with the "Uniterm Index" prepared for 
! Plcatinny Arsenal by Documentation Incorporated under Contract DAI-36-03^-501-0H>-(P)-u2 (1955)- 

5. BCPIAHAHOR Of BgB AHD METHODS CF T&BTBXi. Data are tabulated herein on three form-type 
pages. In the following sequence of headings, jfany of these terms are self-explanatory. 

a, First tabular page. 

(1) Hame of the explosive in each instance. 

(2) "C«q>oeltlon." 

(3) ''Impact Sensitivity, £ Kg Wt." 

(a) Dqwct sensitivity test for solids, (a)* 

A sample (approximately 0.02 gram) of explosive is subjected to the action of a falling 
weight, usually 2 kilograms. A 20-milligram sample of explosive le always used in the Bureau 
of Mines fSU) apparatus when testing solid explosives, the weight of sample used In the Pica- 
tlncy Areenatl (BA) apparatus Is indicated in each ca.ee. Hie Impact test value is the minimum 



•Reference publications (a through q), appl^iag to thic introduction are listed at the end of 
the Introduction. 



J 



I 



, ^*1 






Height atwhich av least one of 10 t-tWOs re*ul+c. t£ jattaatea. Tor the W apparatus, the unit 
of height la the eantimster; far the PA apparatus, it “is -the inch. In ths f<Sr»sr, the explo- 
it** le held betvcxn two flat, parallel hardened (C 63 x 8 ) ^teel eurfaeee; In the latter case, 
it ie placed in the depression of a small fteel die-cup, capped hy a thin hrese cover, in the 
center of vhiofa ie placed a slot tad-vsn ted- cylindrical eteel plug, slotted side deem. In the 
M upper* cue, the impact impulse is transmitted to the sample by the upper flat surface, in the 
BA, by the vented plug, the neln difference* between the tvo tests are that the PA tent (l) 
involves greater oonflnenant, (2) distributes the translational impulse over a smaller area 
due to the inclined aides of the die-cup cavity), and (3) involves a frictional component 
against the inclined sides). 






The teat value obtained with the BA apparatus depends, to a narked degree, on the sample 
density. This value indicates the haaard to be expected on subjecting the particular sample 
to an impact blow, but is of value in assessing a material's inherent sensitivity only If the 
apparent density (charge weight) ia recorded along with the impact teat value. The values tabu- 
lated herein sere obtained on material screened between 50 and 100 tteeb, U. S. Standard Screens 
where ningle component explosives ere involved, and through 30 mesh for the mixtures. 



(b) Inpect sensitivity teat far liquids, (b) 



The B» Impact last for liquids is run in the same way as fat solids. The die-cup is filled 
and the top of the liquid meniscus adjusted to coincide with the plane of the top rln of the 
die-cup. To date, this visual observation has been found adequate to assure that the liquid 
does cot wot the die-cup rim after the brass cap has been set in place. Thus f*r the repro- 
ducibility of data obteinnd In this way indicate that variations in sample site obtained are 
not significant. 



In the case of the BM apparatus, 
the following variations: 



the procedure that was described for solids is used with 



jU Too weight of explosive tested is 0.007-gm. 



2. A disc of desiccated filter paper (Whatman Ho. 1) 9.5-milllaeter diameter, is laid on 
encE"drop, on the anvil, and then the plunger is lowered on the sample absorbed in the filter 
paper. 



(k) "Friction Pendulum Test." (c) 



A 7.0-gm sample of explosive, 50-100 mesh, is exposed to the action of a steel, or fiber, 
shoe swinging as a pendulum at the end of a long stoel rod. The behavior of the sample la 
described qualitatively to indicate its reaction to this experience, i.e., the most energetic 
reaction Is explosion, and in decreasing order 0/ severity of reaction snaps, cracks, ar.d 
unaffected. 



(5) "Rifle Bullet Inpact Test. " (d) 






r-'-'s 



A. 



4 






Approximately 0.5-pound of explosive is leaded in the same manner as it Is losded for actual 
use: that Is, cast, pressed, or liquid in a 3-lncb pipe nipple (2-inch inside diameter, l/lo- 
inch wall) closed on each end by a cap. The loaded item, In the standard test, contains a small 
air space which can, if desired, be filled by Inserting s wux play. The losUled Item 1s sub- 
jected to the Impact of a caliber .30 bullet fired perpendicularly to the lone axis of tht pipe 
nipple, from a distance of 90 feet. 
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(6) "Explosion Tesperat-ire. " (a) 

A 0.02-ga sample (0.01-ga, Is the ease of initiators') of explosive, loose loaded in a Ho. 8 
blas ting oap, is .me reel for a short period in n Wood s petal bath. The temperature determined 
is that which produces sxnloolon, ignition or dace position ol the sample in 5 secondr, and the 
behavior of the ssnq>le is indicated by "Explodes" or "Ignites" or "Decomposes" placed beside the 
value. Where values were available for times other than 5 seconds, these have been included. 

For 0.1-second values, no cap was used.- but the explosive vas placed directly on Wood's metal 
bath, insediately after cleanly. The valuo 0.1 second is estimated, not determined, and repre- 
aents an interval regarded as instantaneous to the observer's eye. Dashes indicate no action. 

(7) ”75°C International Heat Test." (a; 

A 10- gm sample is heated, for 1*8 hours at 75°C. The sample a ter this exposure is observed 
for signs of decomposition or volatility* 

(8) "100°C Heat Test. " (a) 

A 0.6-gm sample is heated for two l*8-hour periods at 100 °C. It is also noted whether expo- 
sure at 100°C for 100 hours results in explosion. 

(9) " Flammability Index.” (h) 

The measure of the likelihood that . bare charge will catch fire when exposed to flame* is 
the index of flamability. The test la made by bringing an axyhydrogen flame to bear on the 
explosive. The time of exposure which gives no ignition in 10 trials and the minimum 

exposure which gives ignition in each of 10 trials are determined. The index of flammability 
ie 100 divided by the mean of the two times in seconds. The most flsasehle substances have high 
indices, e.g 250. 

(10) "Hygroscoricity." 

A 5- to 10-gm sample is exposed for hygroscopicity under the rtated conditions, until equili- 
brium is attained, or in cases where either the rate is extremely low, or very large amounts of 
water aim picked up, far the stated time. The sample, if solid, Is prepared by sieving through 
a 50 and on a 100 mesh screen. 



(11) "Volatility.’ 



A D-gm eaqple is exposed for volatility under the stated conditions, 
is prepared by sieving through a 50 and on s 100 mesh sieve. 



The sample if solid 



(12) "Molecular Weight. " 

The molecular weight (MW) of a mixture can be calculated treat the equation 



MW of mixture * 



.♦_L + 



where a, b, c and s are the weight percents of the components, and mwx, mwg, mw 3 °v n their 
corresponding molecular weights. 
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(13) "QKjrtee Balance." 

Sw mn m balmnoe (CB) Is call la ted from the eupirioel foriuls of a ocmpound in percentage 
of aortas required for eaglet* conversion of oeru* to carton dioxide (or oerbcc moooadde) end 
V Or ogam to mater. Whan mstal ia present tha reaetlims are as steed to occur in th* fbUoriag 
' tan 

Hetal Oxide 
00 + % 

00 + BgO 
PCOg 

Procedure for calculating oxygen balance la to determine the number of great team of oxyge n which 
era ar oe a s or deficient for 100 greee of a cowxwnd, This number millplled by the atomic wight 
of o s y g a n give* 

the oxygen balance: 16CC (2x + £ - z) 

4 molecular night of aompound » oxygen balance to OOg and HgO, where Z » atoms of Jfboo. 

T • atoms of hydrogen, r • atoms of oxygen. The oxygen balance of a mixture Is equal to the 
sum of the percent composition times the oxygen balance for each cosgenent. 

%he cerboc/hydrogen (c/h) ratio is calculated aa follow: 

eg-ff'Hgjfc;* 1 - - ■*«<• 

(lh) "Density." 

(15) "Melting Point." 

(16) "Pro# xlng Print." 

(17) "Polling Point." 

(18) "Refractive index." 

(19) Vacuum gtablUty Tteat." (a) 

A 5.0-gB sample (1.0 gm for Initiators), after having been carefully dried le heated for 
hO hairs, In vacuo at the desired tenperature. 

(20) "200 Oram Boa to 3aud Seat." 

(a) Sand test tor solids, (a) 

A O.h-gm temple of explosive, pressed at 3000 pounds per square Inch into a Bo. 6 cep, is 
Initiated by lead aside, or mercury fulminate (or, If necessary, ty lead aside end tetryl), in 
a sand teat bort containing 200 gm of "00 30 mesh" Ottava sand. The amount of aside, or of 
tetryl, that oust be used, to Insure that the sample .rushes the nexlttin net weight of sand, 
is designated as its sensitivity to initiation and ths net weight of send crushed, finer than 






1 
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30 mesh, la texmod tha sa nd test vclus . The net weight of cud cruahad la obtained by sub- 
tracting from tha tctalThe amount cruahad by the Initiator when ahot alone. 

(b) Sand ts«t tor liquid - ', (b) 

Tha aand taat for llqulda la aad. in accordance vith tha procadura given for aollda except 
that tha follcwl'g procedure for lovolng the taat aaaplea la aubatituted: 

Cut the dosed and from a So. 6 bleating cap and load one end of the reaultlng cylinder 
elth 0.20 gm of lead aside and 0.2$ ga of tetryl, ualng a preaeure of 3000 pal for cooeoll - 
dating each charge, tilth a pin, prick the powder train In one end of a piece of miner's black 
powter fuse 8 or 9 Inches long. Crimp to the pricked end a loaded cylinder, taking care that 
the end of the fuse la held firstly against tha charge in the cap. oriiq> near the south of the 
oap so as to avoid aqueeslng the charge. Transfer a weighed portion of 0.1(00 ga of tha teat 
explosive to an alnelnua cap, taking precautions when the exploelve la liquid to insert the 
settle In such a Banner that aa little a a roaaible adheres to the side walls of the oap, -id 
whan a solid notarial la being tested use ante rial fine enough to pass through a Ho. 100 U. S. 
Standard Sieve. The cape used shall be of the following dimensions: length 2.00 Inches, in- 
ternal diameter 0.248- inch, wall thickness 0. 025-lnch. Press solid explosives, after Insertion 
Into tha aluminum cap, by means of band pressure to an apparent density of approxlBately 1.2 ga 
par cubic centimeter. This was done by exerting hand preaeure on a wooden plunger until the 
plunger had entered the cap to a depth of 3. 93 centimeters. Following are the dimensions of 
tha Interior of the oep: height 5. 00 cm, area of cross section 0.312 square centimeters. In- 
sert the cylinder containing the fuse and explosive charge of tetryl and lead azide into the 
alMlmni cap containing the test explosive for the determination of aand crushed. 

(21) "Sensitivity to Initiation." 



This la sensitivity to Initiation as described under the preceding heading. Tha mlnlnr* 
detonating charge, ln grems, required to detonate the explosive saaple, Is given. 

(22) "Ballistic Mortar, f TUT. " (e) 

The amount of sample uuder teat which la necessary to raise the heavy ballistic mortar to 
the same height to which it lx raised by 10 gm of trinitrotoluene (TUT) Is determined. The 
aaaple le then rated, on a proportionate basis, as having e certain TUT valit, i.e., as being 
a certain percent ea effective as TOT In this respect. The formula la 

TXT value - — x 100. 



The ballistic mortar consists of a long compound supporting rod, at the end of which Is sup- 
ported a heavy short-nosed mortar. The mortar contains a chamber about 6 Inches In diameter 
and 1 foot long. A projectile occupies about 7 Inches of the chamber and the sample to be 
tested occupies a s mall portion of the r em ai n d er of the chamber. When the staple is detonated, 
the projectile 1 j driven Into a aand bank, and the mortar svlngs through an angle which Is 
rarked on paper by a pencil attached to the mortar. The angle thus Indicates the height to 
which the pendulum Is '■alsed by the explosion, and this latter represents the energy mea s ured 
by this test procedure. 

(23) "Treuzl Test, % TOT." (d) 

A sample of the explosive to be tested (of the order of 10 gm) Is exploded In a cavity, or 
borehole, 25 -mm in diameter and 125 -mm deep. In a lead block 200 -am in diameter and 200 -mm in 
height. The borehole le made centrally in the up; or face of each block, which la cast in a mold 
from desilverized lead of the best Qiality. Although there tests have been sole ; ider a variety 
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of condition*, vfce.-e ponible the data have bees taken from or related to thoae of Reference f 
(Saoua). Here a No 8 bleating cap vaa used for initiation of the sample contained In gleae- 
Die Height of settle used va« adjusted to give, vith the Initiator, a total expansion of 250 to 
300 cc, since vlthin this range expansion and sample velght vere linearly related under the con- 
ditions '* Taoum’s test. Thus expansions for equivalent Heights vere readily calculated, and 
the tea alue expressed In percent of the expansion of an equivalent Height of TOT. 

(24) "Plate Dent 'Pest. " (d) 

Two methods vere used for plate dent tests. 

(a) Method A - Ine charge Is contained In a capper tube, having an Internal diameter 
of 3/4-inch and l/l6-inch vail. This loaded tube is placed vertically on a square piece of 
cold-rolled steel plate, 5/8-inch thick; 4-inch and 3-l/4-inch square plate gave the sane re- 
sults. The steel plate '« in a horizontal position and rests in turn on a short length of 
heavy steel tubing 1-1/2 indies ID and 3 inches 0D. The charge rests on the centei of the 
plate md the centers of the charge, plate, and supporting tube are in the same line. A 20-go 
charge of the explosive under test i; boostered by a 5-6® pellet of tetryl, in turn initiated 
by a Ho. 8 detonator. 

(b) Method B - A 1-5/8-inch diameter, 5-inch long uncased charge is fired on « 
1-3/4-inch thick, 5-square inch cold-rolled steel plate, vith one or more similar plates us 
backing. The charge is initiated vith a No. 8 detonator and tvo 1-5/8-inch dismeter, 30-gm 
tetryl boosters. 

Plate dent test value, or relative brlsance = Syle Dent Depth x iqq. 

Dent Depth for 1ST at 1.61 gm/cc 



(25) "^boration Rate." (g) 

The detonation rates reported in the tables contained herein vere determined principally by - - 
using the rotating drum camera, under the conditions stated, e.g. , usually charges 1 inch ir. , 

diameter, 20 Inches long, wrapped in cellulose acetate sheet, and initiated by a system designed 
to produce high order stable detonation at the mr.xlimnn rate under the particular conditions. A 
t-Tiical ini slating system for this consisted of four tetryl pellets 0.995 inch in diameter, 0.T5 
inch long, pressed to 1.50 gm/cc, vith a Corps of Engineers special blasting cap placed in a 
ce :iral hole in the end pellet. 

b. Second tabular page. 

(1) "Booster Sensitivity Test," (p) 

The booster sensitivity test procedure is a scaled up modification of the Bruce ton method 
(unconiined charge). The source of the shock consists of tve tetryl pellets, each 1.57 inches 
diameter by i.6o inches high, of approximately 100 gm total weight. The initial shock is de- 
graded through wax spacers of cast Acravax B, 1- 5/8 inches diameter. The test charges are 1-5/8 
inches diameter by 5 inches long. The value given is the thickness of vsx in Inches at the 50$ 
detonation point. The weight of tetryl pellet noted is the minimum which will produce detona- 
tion vith the spacer indicated. 

(2) "Heat of (calorimetric tes-.s). (i) 

Heate of combustion and explosion are generally determined on samples weighing of the order 
of 1 to 2 gm, in standard calorimeter bombs such as the Parr or Emerecn, approximately 400 cc > 

(for low loading density), or the Boas, approximately 45 cc (for high loading density). For- 
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hwti of combustion the Mmli Is burned under about 40 atmosphere* of oxygen; for baata of 
explosion, nitrogen, or one atmosphere of air la ueed, 

(3) "Specific Beat." 

(b) "Burning Rate." 

(5) "Therced Conductivity." 

(6) "Coefficient of Expansion. " 

(7) "mrdness, Mohs' Scale." 

(8) "Young's Modulus." 

(9) "Compressive sucr>?th." 

(10) "Vapor Pressure." 

(11) "Becoapoaition Equation." 

(12) "Amor Plate Iapact Test." (j) 

(a) 60-ma Mortar Projectile. 

A Modified 60-me, M49A2, mortar projectile Is loaded with the explosive to be tested, drilled 
to the proper depth (about l/2 Inch), and a flat-based steel plug screwed into the projectile to 
give a smooth dose-fit between the plug base end the charge. The part of the plug outside the 
projectile la rounded off in the farm of a spherical section. The loaded projectile with fin# 
attached la fired from a five foot length of 2-3/8 inches IB x 3-3/8 inches OD Shelby steel tub- 
ing. B>e Igniter -nd propelling charge, consisting of an igniter for a 2. 36-inch rocket (basoo- 
J*y, 5 gm of kF bl ck po.uer, and a quantity of shotgun propellant sufficient to give the desired 
velocity (read from a calibration chart) are conveniently loaded into the "gun" through a simple 
breach plug. The velocities are measured electronically, and the reaction. Inert or affected. 

Is determined by observation (e.g. , whether or not flash occurs on impact) . Within the range of 
flight stability of the projectile, 200-1100 ft/eec, the 50jt point la located. 

(b) 500-lb General Purpose Bomba. 

(13) "Bomb Drop Test." 

Bomb drops are msde using boobs assembled In the conventional manner, as for service usage, 
but containing either inert or eiss; bated fuses. The target is usually reinforced concrete. 

c. Third tabular pege. 

(1) "Fragmentation Teat." (1) 

The weight of each empty projectile end weight of water displaced by the explosive charge is 
determined, and from this the specific gravity of the charge Is calculated. All 3*inch and 
90-nn nrojectlles are initiated by M20 Booster pellets, and those used with 3-inch HE. M42A1, 
lot KC-5 and 90-nm HE, KT1, lot WC-91 projectiles are controlled in weight and height as follows: 
22.50 ± 0.10 gm, and 0.480 to 0.485 inch. 
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The projectile assembled with fuzs, actuated by a Bleating Cap, Special, Type n (spec ^9- 
20) placed directly oo a lead of comparable diamete- and booatar, are placed In boaea ocn- 
atructad of half-inch pine- 9 m 90-wm proJ»c tiles are fragmented In boxes 21 x 10-1/2 x 10-1/2 
Inches and the 3-inch projectiles in boxes 15 x 9 * 9 inches outside lijuiusions. 9m box vith 
projectile is placed oo about 4 feet of sand in a a -eel fragmentation tub, the detonator vires 
are connected, and the box covered vlth approximately 4 feet more of saud. The projectile la 
fired and the sand run onto a gyrating 4-mesh screen on which tbs fragments are recovered. 

(2) "Fragment Velocity." 

Charges 10-1/8 Indies long and 2 lnchss in dlaawter, containing a booster cavity, filled by 
a 72-ga tetryl pellet (1*3/8 Indus disaster, 2 inches long, average density 1.594) are fired 
in a nodal projectile of Shelby seamless tubing, 2 Inches IS, 3 inches OD, SAX 1020 steel, vlth 
a veldad-oo cold rolled steel base. 9m projectile la so fired in a chamber, connected to a 
corridor containing velocity stations, that a desired wedge of projectile casing fragments can 
be observed. 9m fragaent velocities are detendned by shadow photographs, using flash bulbs, 
and rotating drum caserns, each behind three slits. The drum cameras have a vritirg speed of 
30 meters par second. 

(3) "Blast (Relative t- TOT)." 

The blast pressures and ljgiulaes given ware detendned almost exclusively with tourmaline 
gages, and the usual necessary specialised electrical circuits, shielded cc -axial cables, 
oscillographs, •\c ■ la general, the data represent results of tests vlth large oaaed charges. 

(4) “ (hoped Charge Effectiveness, TOT « 100." (k, m) 

Uoccnflned charges 2 inches in diasmter and 6 indies long, booetered by a 10-ga pressed 
tetryl pellet, set in a 20-ns pellet (truncated cone) of east 60/40 cyclotol, are shot against 
3- inch ho m o g eneo us armor plate at a 1-3/16 inches standoff. The cones used are cover cl el Pyre_ 
glass funnels, sealed off at the start of the sten, 2 inches in diameter, 0.110 to 0.125 inch 
veil thickness. 

Unoonflaed charges I.63 Inches In diameter and 6 indies long are tested at a standoff of 
I .63 inches against stacks of 4 x 4 x 1 inch mild steel plates. M9A1 steel cones are used. 

Results are averages of 4 trials. 

(5) "Color." 

(6) "Principal Uses." 

(7) "Method of Loading." 

(8) "Loading Density." 

(9) "Storage.” 

Ammunition and bulk explosives in storage represent varying degrees of hazard and compati- 
bility. This has led to their being divided into a number of hazard classes and cosipatlblUty 
groups as Indicated in subparagraphs (b) and (c) below. 

(a) Method: Wet or dry. 

(b) Hazard Class (Quantity-Dittance) . 
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Amminttlon and bulk explosives are divided Into quantity-distance classes, Class 1 through 
12, acoardlng to tht dsaage expected If they explode or Ignite (Reference: Amy Materiel ca—nd 
Regulation, AMC* >85-100, AMC Safety Manual, chapter 17). All ■ tender! explosives In hulk are 
Included In ftxir of these ciaaaea: Haas 5, 2A, 9, and 12 (W 9-1910/TO 118-1-3*0. 

(c) Oorviatlblllty Group. 

Exploalvea and aawwltlon are grouped for compatibility vith respect to the foil owl rg fee tore: 

1. Effects of explosion of the item. 

2. Rate of deterioration. 

3. Sr-Xxtlvlty to Initiation. 

U. Type of packing. 

5. Effects of fire Involving the item. 

6. Quantity of explosive per unit. 

(d) Exudation. 

d. Miscellaneous entrlea. 



j Where available and appropriate, the Hollaring or related data are given. In apace at 

; the bottom of the third fore, or on plain pagea. 

; « 

j -- (2) Method* of manufacture. 

j (3) Historical lnfOreatlon. 

I ' ' 

j (4) Bulk ec^reaaibility nodulua. (q) 

The direct experl eental measurement of the dynamic bulk axkfcO.ua of a oolld la difficult, and 
few auefa maaauramanta have been made. One apparetua baa bean developed at the seval Ordnance 
laboratory and la deacrlbad in detail In Reference q. Bulk modulus (it* reciprocal la the cem- 
j presaibillty) is refined aa the ratio of stress to strain whan the (trees la e pressure applied 

, equally on ail surfkoea of tha aaapls and tha strain is ths sesulting change in volume par unit 

volume. 



• (5) Hydrolysis tosta. (o) 



The 2u0-hour hydrolysis tost la conducted as follows: A 5-ga aaapls of tha dry nitrocellu- 
lose la welghad acourataly In a tare-velgbsd 250- oc Pyrex flask hx.vlng a ground glass connection 
for a Pyrex c o n d ens er. Than 100 cc of distilled eater la added to the nitrocellulose in the 
flask and tha flask fitted to tha condenser, the flask la placed In a steam bath In which the 
water is kept boiling constantly fc;- aeons of electric hotplates. At ths end of 2b0 hours the 
amount of solid davelopad by tha hydrolysis of the r4 trocelluloee Is measured by an electrometlc 
pH method. 

(6) Sensitivity to lnltlatlo. by electrostatic discharge, (n) 




> 



9 



Aiecpro6-m 






'T 



#■ 



I 



1 



> 



I 




Qm — r ' — are tested under two amounts of confinement, design* ted u unconfined end cce- 
lined. In the unconfined test, e seagxle of approximately 0.0$ gn ii dumped Into e shallow de- 
pression In e steel block end flattened out with e spatula. In the confined teste (partly 
oooftwd). the sample of approximately 0.05 gm Is introduced into soft-glass tube (~ 7 an ID x 
18 an long) which fits over s metal peg. The velum of the spate around the charge at zero gap 
is *• 0.15 cc; at a gap of 0.6 am, it is — 0.1 cc. In addition to providing noderate confine- 
aent, this sjsten also minimizes dispersion of the tasple by the test spark, and reduces the 
effect of material bei. • repelled from the needle point by electrostatic field effect. 

When a test is to be made, the needle point electrode is screwed up until the gap between 
electrodes is greater than the critical gap discharge at the test voltage. The sample is then 
placed in position, the high-voltage terminal of the charged condenser la switched to the point 
electrode by means of a mercury switch, and the electrode is screwed down until discharge occurs. 

The spark energy (in Joules), for zero probability of ignition, is determined. 

(7) Destruction by chemical decomposition. 

Burning is the preferred method of destroyitg explosives. Initiating type explosives (in 
quantity) are usually destroyed by detour tion with demolition blocks. Destruction of explo- 
sives by chemical dacosqoaltlon can be effectively used where small laboratory quantities are 
involved. Procedures given are standard for only lead azide, mercury fulminate and nitrogly- 
cerin. 

( 8 ) Other information. 

(9) References. 

6. KgiBHKBa aim n nmaomcnow. 1 

a. W. H. Rinkenbach and A. J. dear. Standard laboratory Procedures for Sensitivity, 
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f. H>. Haoum, Z gss Schieas-flprengatoffw. pp. 181, 229, 267 (27 June 1932). 

g. O. J. Mueller, Equipment for the Study of the Detonation Process, PATH Bo. 1465, 

4 July 1945. 

h. HDRC Interim Report, Preparation and Testing of Explosives, Nos. PT-19 and PT-20, 

February- April 1944. 

i. Unnle E. Newman, PA Chemical Laboratory Report Nos. 127815 and 134476, 11 January 1951. 
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U.S. Army Research Of f lce--Durham, ATTN: CRDaRD-EH, Box CM, Duke Station, Durham, North Carolina 
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FiagaataMlaa Twh 

W — IHM1 Pwiji—h Ut wmi 
Comity, gm/cc 
Chor«* Wt. lb 

Total Ma, of FiafoMalai 

For TNT 
For Subject HE 

» loch MU MOA1 FMfotfNa. U» KC4> 
Comity, gm/cc 
Chu'g* W. lb 

T»»al Ho. ot Fwfwaiii 

For TNT 
For Subject HE 



A»9«r 
AtTSHft 

Comity, gm/cc 



ft/* 



(f) 

1900 

1750 



MattCiim itaTKDi 




Ak, C aa W aali 
Impute* 



IMrW*n 
Faofc PioMur* 
Impulii 
tntrgf 






I mp u te* 

Enoify 





Glen Corn* Stool Conti 

Holt Volum* 

Hoi* Dapth 


Colon Buff-yellow 


Mmteil U*t*t Boob a, HK projectile* 


EHHH 


Lmdtag Damky: gm/cc l* 1 *^ 




Method Dry 



Hazard Cla** (QuontHy-OiUonc*) 


Cl*** 9 


Compatibility Group 


Group I 


Exudation Doe* not oxud* at 65°C 


Boootor Benaitlvlty T**t: 


(•) 


Condition 
Tetryl, gm 

Utx, in. for 50f Detonation 
Donalty, gm/cc 


Praaaad 

100 

0.83 

1.65 


Hoot of: 


(d, o) 


Ccabuatlon, c«l/g« 
Explosion, col/go 
0a* Voluwe, ee/gm 


1002* 

1.90* 

930* 



♦Calculated 1 roa co^toaltlon of Blxtur*. 
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•0 mm HI, M71 Projectile, Let WC-fl 




Density, gm/cc 


1.1*9 


Chorg* Wt, lb 


1.971 


Total No. of Fregawats; 




For TNT 


703 


For Subject HE 


583 


3 laefc HE, M42A1 Projectile, 1st KC-i: 




Density, gm/cc 


1.57 


Chorg* Wt, lb 


0.827 


Tata! Ha. at Fregwoat*: 




For TNT 


5llf 


for Subject HE 


1*08 


Fragstaaf Velocity: ft/sec 
At 9 ft 
At 25*6 ft 




Density, gm/cc 




Meet Metette* la TNT): 




Air 

Peak Pressur* 


95 


Impulse 


85 


Energy 


8k 



Air, Cu h ri i 

Impulse 

IMtrWtHri 
Peok Pressure 
Impute* 
Energy 



Peak Pressure 

Impute* 

Energy 



M u* *! CXzrt* IHttlv — ***, TNT = 160s 

Gloss Con** St**l Con** 

Hoi* Volume 
Hoi* Depth 



C al*r 



Buff-yellow 



Bombs, RE projectiles 



M*tt*4 o! Leading: 



Cost 



gm/cc loO 



Method Dry 

Hazard Clots (Quantity-Distance) Class 9 
Compotiblllty Group Group I 

Exudation Does not exude at 65°C 



Heat of ; (d, e) 

Combustion, cal/ga 1658 * 
Explosion, cal/gm 633 * 
Gas Volume, cc/gm 380* 



•Calculated from composition of mixture. 
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Ma»Kt,Mn *a|aal 

Daneity, gm/cc 
CSotgaWI, b 


Mb, let WC-91: 


TeMKe.aiPtagmaal 

For TNT 
For Subfact H£ 


Ik 


J inch HK, M4 Sa 1 Prwja 

Dancity, gm/ce 
Otorge Wr, & 


aid*. Lat CC-3: 


Ha *- 0 at 
For TNT 
For Subject HE 





rmgt*i*tVetta»yift/a 
At 9 ft 
At 25^i ft 

DenaWy, gm/cc 



»aad Cketga 1 


iniew»itttom = t—t 




Gloat Corea Steal Co-sea (■) 


Hot* Volume 


55 


Hola Depth 


69 


Celer: 


r Buff -yellow 



Boaba, HE projectile* 



ImBh PawBr. gm/cc 1-59 



aeTMT): 



Ain 

Peak Pressure 

Impulse 

Enargy 

Impulse 

IMm Waton 

fNwk Pressure 

Impulse 

Enatgy 



Peak Pro-sure 

Impulse 

Esatw 



Hazard Ctan (Quontlty-Distonc*) Claaa 9 
Compatibility Group Gcoup I 

Exudation Doe* not exude at 65°C 



Bocatrr SenaitiTity That: (a) 

Condition Chat 

Tetryl, gr 100 

Wax, in. for 500 Detonation 0.60 

Denaity, g*/cc I.55 

of: (d. e) 

Comb nation, cal/gn 1990 

Kxploaion, cal/gr 703* 

Gac Volume, cc/gn 855* 

♦Calculated from coopoeltion of mixture. 

Specific Heat’ cai/gn/°C (i) 

to 860^ 0.363 

Boa* arop Tar*’ : 

TT, £XXX)-lb Seni- Armor -Piercing 
Boa* va Concrete: 



Baat of: 

Combuation, cal/gn 
Exploalon, cal/gr 
Oac Volume, cc/gn 



liax Safe Drop, ft 
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Amatols 60/20 , 6oAo, 50/^0 



Compatibility with M*~al» : 



"■k' 



Hey - Ms tali unaffected are tine, Iron, tin, bra.s , brass t? j plated, tnsi KRC coated, 
brass shellac coated, nickel alualnun, steel, steel plated ith nickel, sine or tin, stain- 
lass steel, Parker i ted steel, and steel coated vith acid-proof black point. .'totals slightly 
affected are copper, bronxe, lead and copper plated steel. 



'iK 



Preparation: 









In preparing amatols the proper granulation of a«.ocium nitrate la required if tue srxieum 
density of the cast anatol is desired. Hie saas^tvu nitrate should be dried so as to contain 
net noc-e than 0.25^ aoisture. It should be heated to about 90°C before being added to the 
appropriate weight of molten HIT contained in a nelting vessel equipped with an agitator. Con- 
tlkat mixing to Insure uniformity and load by pouring into shall or boobs. 



Origin; 

Developed by the British Sur*: 



World War I in order to conserve HIT. 



References- 



(a) L* C. Smith and 2. H. prater. 
Sensitivity Teete, Performence Teats , 



■sical T esting of Explosives , Part ni, Mis cellan eous 
57w, 27 December 19^5- ~ ' 



Report 

(b) Report AC-17/Phya 2x 1. 

(c) D. P. HcLougall, Methods of Phyalcal Tea ting . 03tD Report Bo. 803, 11 Auguot 1942. 

sical Testing of Explosives, Part III - Miscella neous 



L. C. Smith and K- G. Sister, 
Sensitivity Testa; Performance Teete , 



loaivet, Part III 



( i) Ooaalttee of C.v 2 and 8, ECRC, Report on HEX and Trl tonal , OSES Report Ho. 54o6, 
31 July 19*5* 






(e) Philip C. Keenan and Dorothy Pipes, mble of Military High Exploslvas , Second Revieion, 
HA70RD Report Ho. 87-46, 26 July 1946. 



(f) R. W. Crake, Fragment Velocity and Panel Penetration of Several Explosives in atmuluted 
Shalle, 08HD Report Ho. 562 £, 2 January 1946. . ■ 



(g» Eastern Laboratory, du Poet, Investigation of Cavity Effect , Final Report, 18 September 
1943, HCRC Contract W-672-ORD-5723- 



(h; Alto eee the following Picatirsny Arsenal Technical Reports on Amatols: 



0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


— 


*— 


**• 


Mm 








240 


68l 


132 


743 


364 


65 


2 66 


1207 


548 


549 


350 


731 


182 


1173 
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425 


556 


1457 


638 


799 


630 


901 


1302 
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734 


695 
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1737 
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1323 
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1827 
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1311 
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See footnote 1, page 10. 
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MtkoAst 
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AbbodIub mtrete 
BJI 

Altai au* 

C/h RsJio 



K.«ct 2 Kg W): 

Buteoi of Mirier Apworal us, cm 
Samp .a W* 20 mg 
Pkofinoy Arsenol Apparatus, in 

Semple Wt, mo 



Ojiyfga Qijfid 

CO, % 

CO % 


— ? ^ 

• 


'n 1 ! ■ • 

yyi/cc 


Cctt 1.(55 




V 


j Frpsefng feint: 


C -'cv' ; ... 


! Belltac Mdi ‘C 

U ^ 



Refrocfivt tadex, n 



el^MrlMI ,-e^wCWii 




Stool Shoe 


V "T. ; 


Fiber Shoe 


' s 


RWIe MW tappet Test] Trials 


‘ ' ‘ 


% 

Explosions 




Portiols 

Burned 

Unaffected 




ixpleslan Tsmpsrsters: C 

Seconds, 0.1 (no cap used) 

1 

S Decomposes 265 




10 




15 




20 




75*C letereeHeeel Heel: Teel: 

% Lots in 48 Hrs 


100'C Hset Test: 




% Loss, 1st 48 Hrs 


0.00 


% Loss, 2nd 48 Hrs 


0.10 


Explosion in 100 Hr, 


None 


HsewnoMBty Index: 


Hygreeceplclty: % 



Vetatidty 



Vtcnm StaHBty Teerr 

ee/40 Hrs, ot 
90*C 
' 100‘C 
120*C 

135*C tv ; 

IWC 



too Qm tomb land Test: 

Sand, pm 



SeesMrity M InMeHea: 

Minimum Detonating Charge, gm 
Mercury Fulminate 
Lead Azide 
Tetryl 



BsMetic Merter, % TNT: (•) 



Trend Teef, % TNT 



Plate Dent Test; 

Method 
Condition 
Confined 
Density, gm/cc 
Brisanca, % TNT 



Detoeetiee Rote: 

Confinement 

Condition 

Charge Diomete-, In. 
Density, gm/cc 
Rate, meters/second 





























AXCP TM-m 



Mama M.MJ1 NM 

Density, gm/cc 
CtecgeWt, tb 


. Ul WC-Mt 


Ta*al Ma. a* Ftigmitli, 

far TNT 
For Sublet HE 




HaakHtMOAItMiaeM 

Density, gm/cc 
Charge Wt, lb 


a, Ut KC4: 


Total Na. a# Faegneate 

For TNT 
For Subtact HE 


» 



Meat (Vefcdfve ta TMT): 
Ain 

Mifhaun 

Impuleu 

CrxHyy 



Pack Prcttur* 
Impute 
En rgy 



MmNnmm, TNT sb IMt 
Glow Conn Steal Con* 



Hot* Voter* 
Holt Dapch 



Uwt Projectile filler 



hapamt VahH>p ft/sac 




At 9 ft 




At 23% ft 




Danalty. gm/cc 





Uadtag I >m i > > i gm/cc x.£5 



Matted cry 

Moto«i Clew {Otuntltv-Dbluncel CIn* 9 

CompotibllHy Group 

Exudation 

Origin: 



Castable mixture developed in Uhl ted States 
during World War I. 



References 

(a) V. R. Tomllnaon, Jr., 
plosive Properties of Ml 11 tar 
PA Hi Bo. 1372, £9 Bcvember 19 



yalcal and Kx- 
Eiploelvew, 



Peek Pra» turn 

Impute 

Enargy 

reparation: 



Procedure sane as described under Aaatcla, 
except aluminum la added to the ammonium nTC • 
trate-UTT molten mixture under agitation u..- 
tll uniformity in competition la obtained. 

accowtllahed by pouring into the 
.ASSMSilSi 



(b) Alio aee the following Plcstlnny Ar- 
senal Technical Reports on Anmonala: 1108, 
1286, 1292, 1308 and 1783. 



\'\ 







n 



kmcnlv* Ht»t« 



AMCPTM-m 



% 

I 

I 

0 

C/HtaNo 



35 

5 

60 



■UK), 



r, IK* Wh 
Bureou of Mina, Apparatus, cm 
Sample Wt 20 mg 
Plcotintty Amnol Apporotue, In. 
Sjmpto W». mg 



100f 

31 

IT 



hMw Nndeime Toh 

-« 

g— ri,-. 

riotf yoi 


Unaffected 

Unaffected 


8Me BeNet Impact Teet: 


Trial* 

% 






0 




rOTTKMS 


0 




Burned 


0 




■ ■ - - ** A. 1 

unonicna 


100 




|T r - r 


•c 




Second,, 0.1 (no cap ueod) 




1 

5 IgnltM 


1(65 




'0 


is 






20 


1 7>*C 1—emeHeal Meet Tem (*) 




% Late In 48 Hr* 




0.0 


1 100*C Heat Teet: 


% Lon, 1st 48 Hn 




0.7^ 


% Lon, 2nd 48 Hr* 




0.13 


Explo*ion in 100 Hr* 




Hone 


FlMWnskMty Ir4h* 


HygreecepMtyi % 

30°C, 90* RH 




Extreme 



Mite— hr WeigMt (^%0j) 


80 


O^nMweet 


400 


CO % 


*00 


BeeiByi gm/cc Cry* tel 


1-T3 


Mefeta* Meh *C 


170 


fie— teg Meh *C 


Beflhg Mat: *C 


IrfniHw Met n° 




Hn 








V— 8— MBty Tent 




ec/40 Hn, at 




90'C 




100*C 


0.3 


120*0 


O.J 


135 *C 




150*C 


0.3 


i 

] 

1 

J 

8 




Sand, gm 


HI 






Minimum Detonating Charge, gm 




Mercury Fulminate 




Lead Azide 


0.20 


Tetryi 


0.25 


leBlellc Metier, % TNT: (■) 


56 


Treat Teel, % TNT: 



Dec oaqioeee at 210 C 



H e *e Cant Teet? 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 



iteeeH— Rate: 


0>) 




Confinement 


None 


Strong 


Condition 


Solid 


Liquid 


Charge Diometer, in. 


1.25 


4.5 


Density, gm/cc 


0.9 


1.4 


Rate, meter*/— eond 


1000 


2500 





* 

t 





Volume, %/‘C 






Yeaag's Medalae: 

E\ dynes/cm’ 
E, Ib/lnch* 
Density, gm/cc 



IL /t—L» 
ID/ " V > 



Vegas hawm: (g) 

*C mm Mercury 

188 3.25 

205 7.1*5 

216 11.55 

15.80 

ILL 



Height, ft 
Triols 
Un af fec t ed 
Low Order 
High Order 

10644b Censre l Purpose Beeib *. C eecrste: 

Height, ft 

Triols 

Unaffected 



Low Order 
High Order 

















Aagoalum jtttrate 



AMCP 705-177 







I • 

► 

i 

» 

I 

i * 

0 

1 
» 

» 

7 

» 

* 

► 

* 

\ 






90 —a Hi, MIT M-m>. Ut WC-flt 
Oeneity , gm/cc 
Chorea Wt, lb 



Tatai Ha. *1 htgaariv 

For TNT 
For Subject HE 

S M HA MOA1 PmMHo, Ul KC4t 

Deraity, gm/cc 
Chorge Wt, lb 

ToNl N*. o> Pwgnlai 

For TNT 
For Subject HE 



Fregaeot VaMp fl/aac 
At 9 ft 
At 25ft ft 

Denttty, gm/cc 



MaarOUiaMvataTMTh 

Ain 

Peok Pracaura 

I mpu fa a 

btargy 

Air, Ctafiaefi 
Impute 

(Mar Waters 

Paok Praaaura 

Impute 

Enargy 

Uafagaaafi 

Paok Praaaura 

Impuita 

Enargy 



tkagaf Charge M f e Ulr teaa. TNT k Wit 
GtatConea Staal Conte 

Hole Volume 
Hoto Depth 



C ala n Colorlasr 



Pilatlpal Uaaat Sxploslre Ingredient of 
mixture# used Id bomba or Xarga 
calibar project Hat 



Midbed af Uaihgt Fraaaad or coat depending 

on coaapoeltlon of alztura 



LeedMg Saaaltyi gm/cc Variable 




Metho d Dry 

Hazard Clou (Quantity-OManca) Claaa 12 

Compatibility Group Group D 

Exudation Hone 



effect of Tamara ture on Iepact 
8»naltirlty (Chealcally pure grade); 0>) 



Tm>. 


PA li^ast Teat 


°c 


2 Kg Wt, incbea 


25 


31 


75 


28 


100 


27 


150 


27 


175 


12 



Compatibility with Metala; (a) 

Id the pretence of oolature, aanonlum 
nitrate reaett with copper, Iron ateel, 
bran, lead and cadmium. 



Batropy; (s) 

cal/mol at 25°C 36 . 0 



Zf 




AMCPm-m 



Mawnlua mtratt 



ill H iV. T9 -i. l. 1 .! 1 . ' .'! V . T fJE3 



Acetic Add 



(•) 

Hi trie Acid 



3 


uB 


3- 


A 


c 

10 


A 


°c 

T 


tA 


^ tea 

nrar 

153 


20 


196 


to 


5 


27.0 


0.39 


15 


73.0 


21.7 


*0 


897 


60 


7.5 


80.9 


5.8 


30 


106 


20.8 


60 

80 

100 


ha 

£ 


T8 


10.5 


101.0 

120.0 


20.7 

125 


75 


201 


31.6 



Mmaalvm nitrate la prepared by the neutralisation of an aqueous aolutloo of evade with 
nitric add and evaporation of the aolutloo. The product which la very pure la dried in a 
graining kettle. 

Origin: 

yirat prepared by Glauber In 1659 and first uaed aa an explosive Ingredient In 1867 when a 
Swedish patent was granted to Oblaaon and Horrbin for a ccoposite dynamite. 



Awaonlun nitrate la decomposed by strong alkalies with the liberation of amnia, and by 
sulfuric add with the fematloo of arnwlua sulfate and nitric add. 



(a) Depa rtm e n ts of the Aray and the Air Force 04 9-1910/TO lla-1-3 1 *. Military Exp los Ires, 

April 1955. 

(b) P. F. Nacy, T. D. Dudderar, E. F. Reese and L. H. Erikaen, Investigation of Banal vlvit 
of Fertiliser grade toeoulaa lltrete to Kxplosioc , PATS Ho. 1658, 11 July 1947. 

(c) D. P. IfecDougell, Methods of physical Testing . OSRD Report Ho. 803, 11 August 19**2. 

L. C. Smith and B. G. Eye ter, Physical Testing of Explosives, Fart III - Miscellaneous 









McGraw-Hill Book Co., H. i- , Land-Borne t. 



G. D. Clift and B. T. Federoff, A Manual for Explosives Laboratories , Vol. II, Leflax 
Society, Inc., Philadelphia, I9U3. ~ 



(f) R. J. Flnkelateln and G. Gamov, 
1*6, 20 April 19^7. 



of the Detonation Process, HAVORD Report Ho. 90 



(g) George Feld, The Dlaeticletlon Pressure and Free Biergy cf Forme tlon of Atmoclua ni- 
trate. Arthur D. Little, Inc., J Aa Chen 3oc, l j6, 5858-60 (l^y*). 

(h) M. A. Cook and M. Taylor Abegg/ Iao thermal Decomposition of Explosives? University of 
Utah, Tnd Bg flMBb June 1956, pp. 1090 to 1095- 
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A— onlua Porchlortte 



as^aoj. 



o 

C/H Ratio 



opoo * twHtiHy, 1 Kg Wh 

Bureau of Minot Apparafta, cm 
Sampi* W» 30 mo 
Plcofinny Arsenal Apparatus, in. 
Sample Wt.mp 



Sstei Shoe 

V. 

gli. fK no 

notr jvk m 



0n*po 

»Ja?£T»ctod 



BMo Mb* impact Toth Triob 

% 

Expletiom 

CtorPol* 

Burned 

Unoffdetod 



Second*, 0. 1 (no cop used) 
I 
5 
10 
15 
20 



7S*C i Momotbooi Hoot Tostj 
% Lou in 48 Hrs 



1BB*C Hoot Toth 

% loot. It* 48 Hr* 
% Last, 2nd 48 Hr* 
Sxpkeion in 100 Hr* 



Hygieecepitily: % 



Veto tNtyi 



Molotob* Weigh* (CUyPOj U?>5 


Otyyee Moooot 

S'v 3:J 





Dent*?: gm/cc 



Vo 



lifci Mob *C 



Reftocthe Itfo*. p£ 






<c 






n» 




JW •' : 


Vi«mllotMhrTMii . 




,, : ; " " 


<x/40 Hr*, a* 
90*C 






100*C 




0.13 






0.20 


live 






1»“C 




0.38 


288 S*ooi Bomb Seed Toth 

Sand, gm 




6.0 


** wo-.*,- ukyi^, 






Minimum Detonating George, gm 




Mercury Futminote 
. Load Axlde 




0.20 


Totryi 




0.25 


MfotfcMorter, % THTi 


TmoH Test, % T»T : 


1 

2 
1 






Method 
Condition 
Confined 
Dtnuty, gm/cc 






Britonee, % TNT 






ftu* • M non 

IfflWlfmB M*f> 






Confintmont 

Condition 

Charge Diameter, in. 
Density, gm/cc 
Rato, motors/second 

































AJfCP 7M-177 



iwecnlua Perohlorete 



te^alni (o) 

t. mtaehtrlieb first prepared, la 1632 , crystal* of tmoaium parohirqrete t ram barlua 
parntilnritn at inmlrw nJfttt (pagg Am 2£, 300), T. schloeing treated a hot eol-itioe of 
Mtla iieritilweta with uaoolu* chlorite, ut an cooling, crystals of lanrluw perch lore t* 
an abteloed (Oogp rend, J3, 1259 , D-371J). 0. Alvl»l treated a aixtur* of 76 parts of ea- 
nitrate eith 213 parts of sodlua perchlorate, and obtained a crop of ooll crystal* of 
OOHBtaa parchlorata vhlch war* purified by recrystelllantion froa hot vatar (Garaaa Patent, 
103 , 993 , 7,696) . > 1 . Molatl Hired eegneelua or calcine parohlorata vlth eaaomua chlorite and 
crystals of iwn!‘-iai parchlorata deposited from tha solution of vary soluble aagneelaa or oal- 
cita Chlorite (tenon Patent, 112, 602, 1899)* 

MfHSggi 4 

(a) V. B. taKUnaon, Jr,, Physical ad Explosive twa a tto of Military Mtej to. BaSR 
* 0 . 1372, 29 BovaaOar 19*3- 

(b) t. In Darla, go Cboedetry of Pouter and Explosives, John Wllay end Sooa, Inc., Htov 

Torit, t9*»2S» \ 

(e) J. V. Mellor, A CoBegrabtntlvagrnatlaa on Inorganic and Theoretical ChcoUrtry, Vol. II, 
Lonparans, Dsraan and 0o., London, 19^2, v- 39b. 

(d) Also oca tha following Pica tinny Arsenal technical Reports on AsnoniuB Perchlorate: 



0 


1 


1 


k 


I 


6 


2 


100 


b21 


S43 


35h 


1095 


1726 


10t9 






1783 


6ot 


1725 




1969 








85t 


2205 










28 
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Cwi m l Hw ; 

% 

Barium nitrate 
TNT 



C/h' Ratio 



Impact Sensitivity, 2 Kg Wt: 

Burro u of Minn Apparatus, cm 
Sample Wt 20 mg 
Picatinny Arsenal Apparatus, In. 
Somple Wt, nig 



Friction PmMn Test: 

Steel Shoe 
Fiber Shoe 



Rifle •■Hat Impact Test: T 

Explosions 
Portia Is 
Burned 
Unaffected 



Explosion Temperature: 

Secc *h, 0 1 (no cop used) 

I 

5 Ignites 
10 
15 
20 



75 C International Heat Test: 

% Loss in 48 Hrs 



103’C Heat Test: 

% Loss, 1st 48 Hrs 
% Loss, 2nd 40 Hrs 
Explosion in 100 Hrs 



Flammability Index: 



Hygrescopicity: % 



Volatility: 



Molecular Weight: 


125 


Oxygen Balance: 




CO, % 


-3 


CO % 


+13 


Density: gm/cc Cast 


2*55 


Melting Point: "C 


F reexmg Feint: *C 


Bailing Point: *C 

■ 


* effective Index, 




n£ 




n£ 




Vacuum Stability Tact: 




ce/40 Hrs, ot 




90 ‘C 




!00°C 




120”C 




135*C 




I50“C 




200 Gram Bomb Sand Test: 




Sand, gm 


26.8 


Sensitivity to Initiation: 


1 


Minimum Detonating Charge, gm 


\ 


Mercury Fulminate 




Lead Azide 


0.20 


Tetryl 


0.10 


Ballistic Matter, % TNT: 1 



Treitxl Test, % TNT 



Plot* D*ir.< Twt: (a) 


73/27 


Method 


B 


Conditior 


J84t 


Confined 


No 


Density, gm/cc 


2.52 


Brisance, % TNT 


a 


Icti : 




Confinement 




Ccndition 




Charge Diameter, in. 




Density gm/cc 




Rate, meters/seccnd 

























>**«** ji»Whi Tm: 

Condition 


Or** 




Tttjyi, gm 


■ ice ; ; 




Wex, in. for 50 % Dsfonotfen 


0.32 




Wok, gm 






D*n»hy. gnvtc 


; . e.S 5 





MMtofs 

Ccmbu**tor>, col/gm J ' ' 

E>pfc»h?n, cat/gm 
Go* Volume, eh/gm 
Sontnotlon, eol/gm 
Fy»Son, ecl/gm 75/25 Bar* to 1 



*•6 (a) 



-75 


C .152 


■, 75 


0 


O.lbT 


65 


25 


0.I60 


90 


50 


0.229 


100 



cot/gn/'C («} 75/85 Biimtol 

Cf. 



0.260 

0.213 

0.201 

0 . 371 ; 



cm/*oe 



Co n g ra w W e It . w»g t h : Ib/inch 1 



V«**i (umikc 

' 'C . 



Os.r 0 *". iCSfua/Me- 

iZ/tft) 

H*ot, kitocoterle/mo** 
(AH. kcol/mol) 
Taaiperato* Ronge *C 
ftw** 



Arm# Hth h *»*ct T*»ts 
40 f M o tor 

: S3*^n*ft, VMocIty, ft/atc 

'.'Aluminum Fineness 

MAO 6 «■*>■! Ntg*** 

. . ; , 'V , . ; • - £■ v • 

j Pfa*0 Thie&ftwr, inch** 



:.Tb««ol C**d«a;<rt>: 
ccf.*j*c/em/*C 




C««Hi*li*t of Eymbi: 

Lin*or, %/'C 




Voivm*, %/*C 




HuAw*. M*b*' Scokt 


Ymm'i Mi *■!■*: 


E', dyn**/cm» 




E, Ib/inch’ 




G*rtat/, gm/cc 





mm Mercury 



BambOmp ttoh c • ' A •' ' 

Jf.£pt04k l*mi -rtno**^W»ri"g )«■ > r» Owcwtt: 

Mo* Soft Drop, ft ~ ' 

WW& fiw * n ( f niywi Bomb •» C— t r f w : 

Hiight.ft 

Trial* 

Unaffteted _C. 

Low OrdOr 
High Order 

lWfe-fcComl hnk w Bomb n Cwr r oi : 

Heijjhl. ft ' , v 

Wit " ■ 

Unott*c'«i . 

|/)w Order 
S'lign 0 »rWr 











f" & " ‘ ^ * : ;' C - ..<■■■ 






^ • r 


Baratol 


AMCP 706477 



«: 1-’ 






Mn*K|,M?t Pntanifc.UtWC-91; 

Dan*t*y, gm/cc 
Charge Wt, b 

*-^“- *■ r - 
For TNT 
For Sublet HE 

3 lack HE, M4U1 PMiocHh, UtKC-5: 
OmMy, gm/ec 
ChorgtWt, lb 

Total No. *f : 

For TNT 
For Subjact HE 



Fragamt Vai*<fcy: ft/ioc 
At 9 ft 
At3S%ft 

Owwity.gm/cc 



Moot ( B ala H ri to THDt 
Ain 

Rook Pionuro 
Impute* 

Enttgy 

lb 

***■*■! 

Imputes 

IMw Wot*r: 

Paok Pressure 
Impute* 

Erwr^y 



Paok Pressure 

Impute* 

EiMrgy 



tt«t* t Chary* WaHteanan, TNT = 190: 

Gian Conn St**l Conn 

Hal* Votumr 
Hoi* Depth 



W** 5 Saab filler 



Ua rfte; 0 a n te y: gm/ec 2.55 



lay 

Cl*** 9 

Group x 



Method 

Hoiord Clan (Quant ity-Distonce) 
Compatibility Group 
Exudotion 



Preparation: 



Hie appropriate weight of barium nitrate 
heated to about 90°C ia added to molton TNT 
contained in a melting vessel equipped with 
an agitator. Continue mixing until uniform, 
and load by pouring at the lowest practical 
temperature. 

Origin; 

Baratol, an explosive conta'ning barium 
nitrate and 1NT, the proportions varied to 
suit the lequired purposes, was developed 
durirg World War I. 








AMCP 706-177 



Baratol 



B ejfrre new; 5 

(») D. P. ItecDougall, Methods of Physical Testing , OSRD Repeat Ho. 803, 11 August 191*2. 

0>' L. C. smth sad E. G. Syiter, 

Sensitivity tests; Performance Jests . 

(c) Also see the following Pica tinny Arsenal Technical Reports on Baratol: 

0 2 6 8 

2010 1783 2226 2138 

2160 2233 



y el cal 



of : 



plosives. Part III - Mlecellaneoua 
December 1^*5. 



(d) C. henchitz, W. Beech and R. Valicky, Enthalpy Changei 
Beat of Beale Exple t ives, pair Bo. 2501*. January i$5§. 



Heat of Fusion and Specific 



# 



5 See footnote 



page 10. 



:i2 



'■wanv., 





Barium nitrate 


50 


TNT 


35 


Aluminum 


15 



C/H Ratio 



Impa ct Sensitiv i ty, 2 Kg Wt: 

Bureau of Mines Apparatus, cm 
Sample Wt 20 mg 
Picofinny Arsenol Apparatus, in. 
Sample Wt, mg 



Friction feadala m Test: 

Steel Shoe 
Fiber Shoe 

Rifle Ballet Impact Test: Trials 

% 

Explosions 
Part io Is 
Burned 
Unaffected 

fx plo sia n Temperetare: *C 

Seconds, 0. 1 (no cap used) 

1 

5 Ignites 3**5 

10 
15 
20 



75'C International Heat Teel: 

% Loss in 48 Hr* 



1T0 C Heat Test: 

% Loss, 1st 48 Hrs 
% Loss, 2nd 48 Hrs 
Explosion in 100 Hrs 



Flammability Index: 



Hygroscopicity: % 



Malocahr Weight: 


111 


Oiygea Botoace: 




CO- % 


•24 


CO % 


- 7 


Peesity: gm/cc 


2.32 


Melting Paint: *C 



Freezing Paint: ‘C 



12 

2? 



: 'C 



Ref r active Index, n£ 

n. 




20C Gta* bomb Sand Ta 

So«~, gm 



39-8 



a , 

N unMivf w iunmvns 

Minimum De'onotlng Chorga, gm 
Mercury Fuln'.IncCe 
Lead Azide 
Tetryl 



0.20 

0.10 



BaHietic Matter, % TNT: (a) 



96 



TrmrxJ Test, <* TNT: 



Plate Beat Test: 

Method 
Condition 
Confined 
Density, gm/ce 
Brisonce, % TNT 



Detaaatiea Rate: 

Confinement 

Condition 

CHorge Diometer, in. 
Denf.itv, gm/cc 
Rats metsrs/second 



0>) 



Hone 

Cast 

1.0 

2.32 

51*50 



Volatility: 
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Barons 1 




hiwiftlii Test: 

M mm Ml. Mfl PieletMe, U» WC-*1 i 

Dsnsity, gm/cc 
Chorge Wt, lb 

Total Nt. ef Fii|«i«h .' 

For TNT 
For Subject. HE 

* tatfc HI. M42A1 FrcJectOe, Lot KC4; 

Dmtty t gm/a 
Charge Wt, b 

Total No. ol Frogman: 

For TNT 
For Sublet HE 



Fragem* Velocity: ft/sec 
At 9 ft 
At 25% ft 

Density, gm/cc 



Mast (Ralotfcre ta TNT): 



Btaif C lou t Hfirtl'ioese, TNT = 100: 

Gkas Conti Stool Conoi 

Holt Volume 
Hole Depth 

Colon 

Ftfo e lpol Uoom Boob filler 



M o t bol of Uotag: Coot 

Loataf Polity; gm/cc 232 

Method Dry 

Hazard Clou (Quantity-Distance) Close 9 



Ain 

Peak Pressure 

Impulse 

Energy 

Air, Cieftul ; 
impulse 

Under Wetan 

Peak Pressure 

Impulse 

Energy 



Uedergreeed: 

Peak Pressure 

Impulse 

Energy 



Compatibility Group Group I 

Exudation 



Preparation: 

Procedure some as described under Barotol 
except aluminum Is added to the barium ni- 
trete-DTT mol ton mixture under agitation 
until uniformity In comparison Is obtained. 



Booster Sensitivity Test: 


(c) 

Cast 


Condition 


Tetryl, gra 


100 


Wax, in. for 50$ Detonation 


0-86 


Density, gm/cc 


2.32 


Heat of: 




Corab’.stlon, caL/gm 


2099 


Explosion, cel/gm 


U35 


Gas Volume, cc/gu 


1*10 











AKCP 706-177 



Black Pander 




M«l«m hr W e i g ht; 



% 



84 



Botaseiua nitre tn 


? 4.0 


Sulfur 


10.4 


Charcoal 


15.6 



C/H Ratio 



!■>»<* Son o Kirtt y, S Kg Wh 
Bureau of Mines Apparatus, cm 32 

Sompk Wt 20 mg 

Picotirvty Arsenal Apparatus, in. l6 

Sample Wt, mg l6 



ft- >X«Lm Vug. 

Stool S:m Snapo 



Fiber Shoe Unaffected 

Uflo BeNot Impact Tut: Trials 

% 

Explosions 
Portia Is 
Burned 
Unaffected 



Ixy les i on Tsnp si o t o re: *C 

Seconds, 0.1 (no cap used) 510 



1 


490 


5 Ignltee 


427 


10 


356 


15 




20 





75’C Intemneinnel Hoot Toot: 

% Lou in 48 Hrs 0.31 



tOO'C Hoot Toot: 

% Less, 1st 48 Hrs 
% Lou, 2nd 48 Hrs 
Explosion in 100 Hrs 



1 % 



86 U C, 

M. 



755 



■ST 

RH 

HH 



Trrrr 

1.91 

JiSk. 



ftMftAft KftiftftCf J 

CO, % 

CO % 



Density: S '/cc 



auw, tr 



•82 

• 8 



Variable 



Refractive Index, n£ 



nS 

nS 



Vncnratti Stability Test: 

cc/40 Hrs, at 
90*C 
100’C 
120*C 
135’C 
150*C 


0.5 

0.9 


200 Gram Bomb W*4 Tut: 


Sand, gm 


8 


Sensitivity to Initiation: 

Minimum Detonoting Charge, gm 
Mercury Fulminate 
l od Azide 

Sena?{ive to ltcnltln g. fuse 


■oMotic Mortar, % TNT: 


50 


Trend Test, * TNT: (a) 


10 



Ploto Dent Toot: 



Method 
Condition 
Confined 
Density, gm/ce 
Brisonw. % TNT 

Confinement 

Condition 

CHorgo Diameter, in 
Density, gm/cc 
Rate, meters/second 



1.6 

400 



36 





Black Powder 



AMCP 706-177 



M mm HI, MN NmM^ Let WC-91: 
Density, gm/cc 
Charge Wt, lb 

ipm Rm ft nv|npHii 

For TNT 
For Subject HE 

3 lack HE, M42A1 Projectile, lot KC-1: 
Density, gm/cc 
Chorge Wf, lb 

|i. — * > s- - 

For TNT 
For Subject HE 



Fiageitet VetocTty: ft/sec 
At 9 ft 
At25Hft 



Density, gm/cc 



Meet (Motive to TNT): 
Airs 

Peak Pressure 

Impulse 

Energy 



Impulse 

IMit Water: 
Peak Pressure 
Impulse 
Energy 



Peok Pressure 

Impulse 

Energy 

Initiating Efficiency: 
Prana Required to Initiate 



Igniter Coop K-34 
Igniter Coop K-29 



Shaped Ch a rge KffecMveeaar, TNT = 100: 

Gloss Cones Steel Cones 

Hole Volume 
Hole Depth 



Cater: 


Black 


Pilaclpal User: 1. Igniter powder 

2. Time rings (fuzes) 


Melhed ef Leading: 1. 

2. 


Loose (granulated) 
Pressed 


Leading Dsesity: gm/cc 

25 50 60 

1.7k 1.8k 1.86 


pel x 10^ 

65 70 75 

1.87 1.88 1.89 




■ ! 


Method 


Dry 


Hazard Claes (Quantity-Distance) Claes 9 


Compatibility Group 


Group 0 


Ex udo t ion 


Hone 



100°C Vacuum Stability Teat, 
cc gaaAo hrs: 

Initial Value 

After 2 houre at 65°C 

After 2 Lours at 65°C, 75$ RH 

Sensitivity to Electrostatic 
Discharge, Joules: 



Unconfined >12.5 

Confined 0.8 

Compatibility vlth Metals; 

Dry - Cor’;atible with all metals when 

moisture content la less that 0.20 

Wet - Attacks all cotmnon metals exc.-pt 
stainless eteel. 

Heat of: 

Explosion, cal/cpn 684 

Gas Volume, co/gm 271 



:17 




n*’ 











t 

x 



i 

AMCP706-177 



Black Povder 








i 



i 



Preparation; 

Willow or alter charcoal, flour of sulphur and 2-3$ of vatar are placed In a tuaSbling barrel 
and nixed for a short period (shout 1/2 hour). The mixture Is transferred to a "wheel mill" and 
crystalline potassium nitrate containing 3*^^ moisture Is added and the mixture is im orporated 
for several hours. Curing the incorporation period the mixture la kept dear (2>3jt moisture) by 
ed.-*lug vatar at Intervals. The mill cake Is then pressed at 6000 pel between aluminum platea. 
The pressed cakes are broken up between rubber or wood rolls. The material Is screened and toe 
various particle sixes are separated as desired. The screened material is then transferred to 
canvas trays and dried In hot air ovens at 60°C. If it Is desired to glace the black powder, 
the notorial before drying is polished by rotation in a tumbling barrel to give it a smooth 
surfkce. It Is next screened to remove the dust. The smooth particles ere then placed in a 
wooden barrel and rotated with graphite. The material is again screened to remove the excess 
graphite, and dried. Material finer than fUo U. S. Sieve is not graph! ted. 



WARNING 

The hatches of black powder must be of sufficient size to cover the bed of the "wheel mill.” 
If the wheels run off on the bare bed, explosions usually result. 

Origin; 

The exact date of the discovery of black powder Is unknown. Historians attribute Its dis- 
covery to the Chinese, Hindus or Arabs. The Creeks used it during the 7th Century. Marcus 
Graecus in the 9th Century and Roger Bacon In the 13th Century described compositions similar 
to the present powder. Beginning with the 16th Century, the eavosltlon of black powder con- 
taining potassium nitrate, charcoal and sulfur has rewined unchanged with respect to the pro- 
portionality (75/15/10) of the Ingredients. 

Destruction by Chemical Decomposition: 

Black powder can be desensitized by leaching with water to dissolve the potassium nitrate. 
The washings muat be disposed of separately because the residue of sulfur and charcoal Is com- 
bustible but not explosive. 

References ; 7 

(a) lh. Haoum, nitroglycerine and Nitroglycerine Explosives , Baltimore, 1928. 

(b) F. W. Brown, D. H. Kusier and F. C. Gibson, Sensitivity of Explosives to Initiation by 
Electrostatic Discharges . U. S. Department of the Interior, Bureau of Mines W 3^5^, 19W>- 

(c) Also see the following Pica tinny Arsenal Technical Reporta on Black Powder; 




;w 




W 



Sec footnote 1, page 10. 
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l.g.k-Buttmetrlol TriiilUn’t- ( BitTi) .'.iq.ld AMCP 706-177 



1 — _ 


Shaped Charge EHeetheoeet, TNT - 100: 




N aw HE. M71 Let WC-91: 


Gloss Cones Stsel Cones 




Density, gm/cc 


Hole Volume 




Charge Wt, lb 


Hole Depth 

1 




TiM He. •( Froymcnts: 

for TNT 
For Subject HE 


Color: Yellow oil 


Principal Uses: Explosive plestielzer for 






3 inch HE, M42A1 Projectile, Let R»C- i ■ 


nl trocel 1 :lose 




Density, gm/r.e 
Chorge Wt, lb 






Totol No. M f regme .vts : 
for TNT 
For Subject HE 


Method of Lending: 


Ltoding Density: gm/cc L . Sc 


1 


Fragment Velocity: ft /sec 

At 9 ft 










At 25 Vy ft 


Storage: 




Der-sity, gm/cc 


Method 




Moat (Motl*e to TNT): 


Hazard Closs (Quantity-Distance) 




Air: 


Compotibility Group 




°eok Pressure 






•mpulse 

Er^rgy 


Exudotion 




oolvil it. 1' /.'titer, (e) 

6a/M0 c-.. et: 




Air, Coe fined: 

Impulse 






tc c o.o- 




Under Water: 


fy-'c o.ij 




Peak Pressure 


Solucillt of Water !:i, ( s ) 




Impulse 


._;ir./l00 gm: 0.0- 




Energy 


SolatlllVr fa/ 100 ,-s. 




Underground: 

Peak Pressure 


e- 25 °C, Ir: 






Alcor.ol «*■ 




impulse 


2:1 Ether:Alfir.c>L 




Energy 


/•C 2 *-.or.f 




Heo.of: v ' ffi) 


Vic z ’ . . • •:••• : : 'O 




i 

Co>r.t i£‘.io<.. '-o 1 / "I- 
T.rx >f lnr., ccl/-*r, 


.. . r 




■>c Voi-rc, c-t -0 







M 




< 



AMCP 706-1T7 



w 



i 



l 

F 








Preparation (laboratory Procedure): 

It> <i cooled ftizturft of 73*8 gm of lPOJt nitric acid, 46.2 gas of 106.8# •uifurlc told and 
60.0 ga of 96.1# tulfuric add, 30 gas of ths original (otr redistilled) 1,2,4-butanetriol waa 
•dd*d dropvlee with agitation for a period of thirty ninutaa. Tbs temperature of tha reaction 
mixture was kapt at 0°-5°C. Whan tha agitation vu completed stirring was oontlnuad for ona 
and one-half hours, 3ha aixtur* was poured into lea water, an I tha ra suiting oil suspension 
waa extracted with three 100 id Hill tar portions of ether. Ihe contained ether extracts warn 
washed with water, than with b 5# atdlua bicarbonate solution and finally with water. Om neu- 
tralised extract was dried with anhydrous calcium chloride and than the ether was ev a por a ted. 
The yellow oil waa dried in a vacuum desiccator over anhydrous caldua chloride until the aate- 
rlel wae brought to constant weight. 



1 




1,9,4-butanetriol was first synthesized by Whgner and Ginsberg in 1894 by oxidising allyl 
carblnol with potasslua pexx&ngaaate under did conditions (Bar 2£, 24 37), Recently the U. S. 
Rubber Laboratory, under the direction of P. Tavney, devised a new synthesis carried out with 
allyl acetate end formaldehyde to give 1,2,4-butane triacetate which wae readily hydrolysed to 
butanetrlol (U. S. Rubber Company Quarterly Report, My 1948). Working with pure 1,2,4-butsne- 
Ariol prepared by an i proved technique of the Wagner method, the U. S. Bnval laboratory in 
1948 nitrated the butane triol on a laboratory and a pilot plant scale (Reference a). 

Re ferences: 3 

(a) J. A. Callaghan, F. lacrl, J. Bednarlk, and F. McCollum, Tue Sjynthesls of 1,2,4-Butane- 

tri ol and the Evaluation of Its Trin>.trate, U. S. Saval Powder Factory Tecbil car Report lk>. W. 
I5~:iptes4>er 1948: 

(b) Also see the following Picatinny Arsens. Technical Reports on fiutsnetrlol Trinitrate: 
1755 and 1786. 



► 



“See tootnote 1, page 10. 
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itlon A 



AXCP 706-177 



Coa^petMea 

BSX 91 

Nbx 9 

C/H Ratio 


Impact ieoMitif, X Kg W»: 






&ur*Hi of Mines Apporoha , cm 


100+- 


Sample Wt 20 mg 






Picotinny Ars«nol Apporotut, in. 


16 


j Sample Wt, mg 




IT 


m t .t- - A- i 

• v w • 






Steel Shoe 


Unaffected 




Fiber Shoe 


Unaffected 




MfSe Ballet Impact Test: 


Trioh 






% 




Explosions 


0 




Po'tiolt 


0 




Burned 


0 




1 InnHerterl 

unonvcTta 


100 





Second*, 0. 1 (no cap uMd) 

J 

5 Dtco^oooe 250 
10 
15 
20 







CO, % 


-18 


CO % 


-23 


Deeelty: gm/ee 12,000 pel 


1.65 



Freeziflj Foiet: 



Veer run StebIBty Toot: 




cc/40 Hr*, of 




90*C 




I00*C 


0-3 


I20*C 


0.6 


135*C 




150-C 




200 6mm Bomb Seed Tact: 

Sand, gm 


51-5 



7S*C letemeWeeel Heat Taet: 
% Lou in 48 Hr* 


100’C Meet Tech 




% Lou, 1st 48 Hr* 


0.15 


% Lou, 2nd 48 Hr* 


0.15 


Exp lotion in 100 Hr* 


Hone 


Flammability lades: 


195 


Hygroscopic ity: % 30°c, 90V RH 


O.C 


Volatility: 50°C, 15 dajs 


1.03 



lwlHW I]i I* Initietioa: 

Minimum Detonating Charge, gm 
Mercury Fulminate 
lead Azide 

» Alternative Initiating chan 

BeHietic Mortar, % TNT: ( a ) 

Irm 1 Te*t, % TNT: 



biota Deaf Tt t: 

Method 
Condi) ton 
Confined 
Density, gm/cc 
Brisonce, % TNT 


0>) 

B 

Pressed 

So 

1.6l 

126 


B 

Pressed 

No 

1.20 

75 


Petooetiee Rata: 


( c ) 




Confinement 




None 


Condition 




Presseii 


Charge Diameter, in. 


1.0 


Density, gm/cc 




1-59 


Rote, m*t*r*/»econd 




8100 

























AMCP 706-177 



Composition A 







*0 ran Hi, M71 Projectile, Let WC-91: 


Density, gm/cc 


1.62 


Charge Wt, lb 


2.102 


Tetol No. of Fragments: 




For TNT 


703 


For Sul ;ect HE 


1136 


3 inch HE. M42A1 Pn>|«-ile, Lot KC-3: 


Density, gm/cc 


1.6b 


Charge Wt, lb 


0.861 


Total No. of Fragments 




For TNT 


5lb 


For Subject HE 


710 


Fragment Velocity: ft/sec 




At 9 ft 


2800 


At 2514 ft 


2530 


Density, gm/ec 


1.61 


•lost (Relative to TNT): 




Air: 




Peok Pressure 




Impulse 




Energy 




Air, Coofined: 




Impulse 




Under Water: 




Peok Pressure 




Impulse 




Energy 




Underground: 




Peak Pressure 




Impulse 




Energy 





Shaped Charge ENmN>mw, TNT = 100: 

Gloss Coots Steel Cones 

Hole Volume 
Hole Depth 



Principe! Uses: 



White-buff 



HE, SAP, AP projectiles; 
Shaped Charges 



Method of Loodhkf : Pressed 



Loedieg Deerity: gm/cc P 8i * 10 



Storage: 

Method Dry 

I > 010 rd Closs (Quantity-Distance) Class 9 



Compatibility Group 



Group I 



& Jotion 



i not exude at 65°C when vexes 



melting Bhsrply at or above 75 0 are used. 



Preparation: 



A WBter slurry of PCX is heated to 100 C 
with agitation. Wax and a wetting agent are 
added and the mixture, under agitation, is 
ccoled below the melting point of the wax. 
The wax coated RDX is collected on s filter 
and air dried et 75°C. 

Effect of Temperature or. 

fate of Detonation: (e) 



Density, gm/cc 
Rate, m/s ec 

Booster Sensitivity ' 

Condition 
Tetryl, gm 
Wax, in. for „•>? I> 
Density, ge/cc 
Hea t of: 

'V’-.buBtlor., col/gs 



Detonation 



Pressed 

LOO 

1.70 

1.62 














i 



T 




i 



i 



i 

J 

i 



C 



) 

i 



♦ 



Conpoaltlon A- 3 



AMCP 706-177 



Compatibility with Metals: 

Dry - Aluminum, stainless steel, mild steel, mild steel coated 'rith acid-proof black paint 
and mild steel plated with nickel or zinc are unaffected. Copper, magnesium, magnesium-aluminum 
alloy, brass and mild steel plated vith cadmlur. or coppci are slightly affected. 

Wet - Stainless steel Is unaffected. Copper, aluminum, magnesium, brasr, mild steel, mild 
steel coated wit,, acid-proof black paint and mild r teel plated vith copper, cadmium, nickel or 
zinc are slightly affected. 

Origin: 

Developed by the British during World War II as EDX and beeswax. Subsequent changes in the 
United States replaced beeswax with synthetic wax-':, changed the granulation of RDX and Improved 
the method of manufacture. 

Destruction by Chemical Decomposition; 

RDX Composition A-3 (RDX/wax, 9l/9) is decomposed by adding it slowly to 25 times its weight 
of boiling 5 % sodium hydroxide. Boiling of the solution is continued for one-half hour. 

References: 9 



(a) L. C. Smith and E. G. faster, Fhyalcal Testing of Explosives, Part III - Mi acellaneous 
Sensitivity Jests; Performance Heats , OSBD Report Ko. 57^*6, 27 December 19I.5. 

(b) D. P. MaeDougall, Methods of Physical Testing: , OSRD Report No. 803, 11 August I9U2. 

(c) G. H. Messerly, Hie Rate of Detonation of Various Explosive Compounds, OSRD Report No. 
1219, 22 February 19^3- 

M. D. Hurwltz, The Rate of Detonation of Various Compounds and Mixtures , OSRD Report 
No. 5611, 15 January 19W>- 

(d) L. C. Smith and S. R. Valton, A Consideration of RDX/Wax Mixtures aa a Substitute for 
Tetryl In Boosters , NO 1 Memo 10,303, dated 15 June 19**?. 

(e) W. F. McGarry and T. W. Stevens, D etonation Rst . 3 of the More Important Military Explo- 
sives at Several Different Temperatures , EATS Ko, 2383. "November 1956. 



(f) Also see 


the following Picatinny Arsenal Technical Reports or RDX Composition A-; 


0 1 


2 


1 


h 


5 


6 


7 


6 9 


1300 1**51 


1^92 


1^93 


Ikib 


1325 


1556 


1607 


1336 1639 


1510 17ol 


2112 




Ifllt 


1565 


1936 


1737 


1338 2179 








1631+ 


1595 




1 07 


17*3 








215 1 * 


1715 






I83S 



1635 

2235 



1 



7 



See footnote 1 , page 10. 
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AXCP “00-177 



ltlon B 



% 

rase 

TNT 

Uta, ended 



AA-I -1— W.tgU 




224 


0«7|ii leliece: 






CO, % 




-*»3 


CO % 




10 


Density: gm/ec 


Cast 


1.65 



C/H Ratio 



If If Iw t H rl r y, 2 K| Wit 
Bureau of Mines Apparatus, cm 
Sample Wt 20 mg 
Picottnuy Artenol Apparatus, in. 
Sample Wt, mg 



Pleating Pete h *C 



Betting Pninei *C 



•-« -■ 1 A- - 1 ^ - a 

rflCTWH nMMM I Nit 

Steel Shoe 
Fiber Shoe 


Unaffected 

Unaffected 




UHe OaOst hnpsct Teat: 


Triolt 

% 




Explosions 


3 




Portia It 


13 




Burned 


4 




Unoffected 


80 




TtM^tftlwcs 


•c 




Seconds, 0. 1 (no cop used) 526 




■ 


368 




5 Decoflpooo* 278 




10 


255 




IS 


» 25o 




20 


*250 




75*C Interne Hsnei Heat Teet: 
% Lott in 48 Hra 




100'C Heat Tort: 


% Lott, Itt 48 Hra 




0.2 


% Lou, 2nd 48 Hra 




0.2 


Expiation in 100 Hra 




None 


rSnaeLIBty Index: 




17T 


Hygroscopic ity: % 30°C, 


90 $ m 


0.02 



Veceem StoUBty Tett: 

cc/40 Hra, ot 
90*C 

IC0*C 

I20*C 

I3S*C 

I50*C 




0.T 

0.9 

11+ 


800 (Steel lamb Send Taat: 


J Sond, pm 




54.0 


Sensitivity tn Initiation: 


| Minimum Detonating Charge, gm 




Mercury Fulminate 




0.22* 


Lead Azide 




0.20* 


* AldSsPnetive initiating charnee 


■oHiitic Matta r, % TNT: 


'•) 


133 


Treeal Teet, % 1NT: 


(b) 


130 


Plata Dent Teet: 


(c) 




Method 




B 


Condition 




Ceot 


Confined 




No 


Density, gm/ec 




'•71 


Britance, % TNT 




132 


■1 Bit— iH— IUt«: 


Confinement 




None 


Condition 




Cast 


Charge Diameter, in 




1.0 


Density, gm/ce 




1.68 


Rote, meters/second 




7640 



Sis 

























AXCP 706-177 



(sector SeuoMvfty Y«ti. 
Conditf-.-n 

Tetryl, gm 

Wax, In. for 50% Detonation 
Wax, gm 
Density, gm/cc 



Bomb* Jotv: 

cm/s ec 



Till we I C sednct h jty: 

ail/sec/em/'C 

CisHItle s t ef li|ieiiw : 

Uneor, %/*C 

Volume, %/’C 



Oxygen, otome/sec 
«/ sec) 

Heat, kilocalorie/mole 
(AH, kcol/mot) 
Temperature Range, *C 



Heebef. 




(•) 


Combustion, cjl/gm 




2790 


Explosion, rol/gm 




121*0 


Gas Volume, cc/gm 






Fo-motion, col/gm 






Fusion, col/gm 


( 1 ) 


8.0 


Vacffk Hint: cal/gm/*C 






2 s. 


C c 




-75 0.235 


75 


0.376 


0 0.220 


85 


0-35 1 * 


25 O. 25 J 


90 


0 . 3 M 


50 0.305 


100 


0.312 



Aneer Mete liege et Test: 


(•) 

1 


40 mum Meiter fejwtHe: 
50% Inert, Velocity, ft/sec 


209 


Aluminum Fineness 








Plats Thickness, inches 




Trials 


in Inert 


1 k 


100 


Hi 6 


50 


IV» 2 

He 0 


0 



Harasses, Mobs' Scale: 


Yeeag's MsBelee: 




E', dynet/cm’ 




E, Ib/inch 1 




Density, gm/cc 




Cowgreutve Strangth: Ib/inch 3 (b) 


1610-2580 


Density, ©s/c n 


1.68 


Vigor Pressure: 




•c mm Mercury 





Bomb Dreg Teel: 

T7, 2000-lb iemt-Armer Hordsg Bomb n Casern's: 

Max Sofe Drop, ft 

500-lb Geearal Purgese Bomb vs Ceecre H : 

No Seal Seel 

Height, ft 1*000 kCO 

Trial- 65 39 

Uno'-tcted 58 3^ 

Low Order 2 2 

High Order 5 1 

1000-lb Geeersl Per goso Bomb vs Coe t iet s : 

Height, ft 
Triols 
Unaffected 
Low C ler 
High Order 



V 










r - —I ■ 

i 
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AMCP 706-177 



Composition B 



rn^MVnlHTlQH I vlfi 

90 atm HE, M71 Projectile, Lot WC-91: 

Density, gm/cc 
Chorpe Wt, lb 



1.65 

2.18? 



Tr -ol No. of Fragmvots: 

For TNT 703 

For Subject HE 996 

I lock HE, M42A1 Projectile, Lot KC-5: 



Density, gm/cc 
Charge Wt, lb 

Total No. of hsfmeti: 

For TNT 
For Subject HE 



Fragment Velocity: ft/sac 
At 9 ft 
At 25'. ft 

Density, gm/cc 



Bloat (Relative to TNT): 

Air: 

Peak Pressure 

Impulse 

Energy 

Air, Confined: 

Impulse 

Under Water: 

Peak Pressure 

Impulse 

Energy 

Underground: 

Peak Pressure 

Impulse 

Energy 

Crater r8.ilus cubed 



1 . 6 ? 

0# cvC 



51^ 

701 



29LO 

2680 

1.68 



(i) 

110 

110 

116 

75 

110 

108 



Moped Charge Effectiveness, TNT = 100: 

(g) (h) 

Gloss Cones Steel Cone: 

Hole Volume 178 162 

Hole Depth 125 lL8 



Color: 



Yellov-brovn 



Principal Uses: Fragmentation bombs, HE 

projectiles, grenades, shaped 
charges 



Origin: 

RDX Composition B sms developed by the 
British between World War Z and World War 17. 
It was standardized by the United States 
early In World War II. 
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Hate of Detonation: 




(i) 


10** 


16 hrs at, °C 
Density, gm/cc 
Rate, m/sec 


.',h 

1.69 

7720 


2 b 

1.69 

7660 


y 1 


Bulk Modulus at Room 
Temperature (25°-30°C): 




(.:) 


107 


^ Wax lr v Comp B 

j-. nes/cm 2 x 10* 10 j. 

Density, ,-m/cc 1. 


1 2 

ic 3 . y. 

.72 1 . 70 


2.31 

i.-v 




V I scos i t.;/ , poises: 
Temp, ;3°; 

: ^ 




3-1 

2.7 



Method of Loading : 


C' O U 


Loading Density: gm/cc 


1.68 


Storage: 




Method 


Dry 


Hazard Closs (Quantity-Distance) 


ClBBB 9 


Compatibility Group 


Group I 


Exudation Very slight when stored at 71°C 






> 

i 



4H 



Composition B 



AMCP 706-177 



C ompatibility with Metals: 

Dry - Magnesium, aluminum, magnesium-aluminum alloy, mild steel, stainless 6teel, mild steel 
coated with acid-proof black paint and mild steel plated vith zinc or nickel are unaffected. 
Copper, brass and mild steel plated with copper or cadmium are slightly affected. 

Wet - Aluminum and stainless steel are unaffected. Copper, brass, mild steel, mild steel 
coated with acid-proof black paint and mild steel plated with cadmiu ;, copper, nickel or zinc 
are slightly affected. Magnesium and magnesium-aluminum alloy are more heevily affected. 

Preparation: 

Water wet RDX is added slowly with stirring to molten T*'” melted in a steam-jacketed kettle 
at a temperature of 100°C. Some water is poured off and heating and stirring are continued un- 
til all moisture Is evaporated. Wax is then added and when thoroughly mired, the composition 
is cooled to a satisfactory pouring temperature. It is cast directly into ammunition components 
or in the form of chipa when Composition B is to be stored. 

Destruction by Chemical Decomposition: 

BLOC Composition B la decomposed in 12 parte by weight of technical grade acetone heated to 
45°C, While this is stirred vigorously, there Is added 12 parts of a solution, heated to 70°C, 
of 1 part sodium sulfide (Ha 2 S*9H20) in 4 parts water. Ihe sulfide solution is added slowly so 
that the temperature of the acetone solution does not rise above 6o°C, After add* tioi: com- 

plete, stirring is continued for one-half hour. 

References: 10 

(a) L. C. Smith and E. G. Eyater, P hysical Jesting of Explosives, Part III - Miscellaneous 

Sensltl. -ty Testa; Performance Tests , OtffiD Report No. 571*6, 27 December 1945. “ ~ 

(b) Philip C. Keenan and Dorothy Pipes, Table of Military High Explosive s.- Second Revision , 
NAVORD Report Ro. 87-46, 26 July 1946. 

(c) D. P. MacDougall, Methods of Physical Jesting , OSRD Report Ko. 803, XI August. 1912. 

(d) L. C. Smith and S- R. Walton, A Consideration of RDX/Wax Mixtures as a Substitute for 
Tetryl in Boosters , NOL Memo 10,303, 15 Jure 19^9- 

(e) ' jnimlttee of Divisions 2 and 8, HDRC, Report on HP 7 and P-l tonal , C'SD Report Ko. 5406, 
31 July 1945. 

(f) W. R. Tomlinson, Jr., Blast Effects of Bomb Explosives, PA Tech Dlv Lecture, 9 April 

1948. 

(g) Eastern Laboratory, du Pont, Investigation of Cavity Effect, Sec III, Variation of Cavi- 
ty Effect with Explosive Composition , HDRC Contract W672-ORD-5723. 

(h) Eastern Laboratory du Pont, Investigation of Cavity Fffect , Final Report, E Lab du Pont, 
contract W-672-ORD-5723, 18 September 1943- 

(i) W. F. McGarry and T. W. Stevens, Detonation Rates of the More Important Wlit-iry Explo- 
sives at Several Different Temperatures ■ PATR No. 2 383, November, 195d. 



TO 



See 



footnote 



page 10. 
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Opposition B 



(j! W. S. Crmr, Bulk CosgresslblUty Data on Several High gxgloaivaS ) KAVORD Report No. 

4300, 15 aep^eriber 1955! 



to 


Also see the 


following Pica tinny Arsenal Technical Reports on RISC Coupon itloc B: 


0 


1 


2 


1 


4 


l 


6 


I 


8 


2 


1360 


1211 


1402 


1313 


1224 


1325 


1466 


1207 


1338 


1339 


1530 


1451 


1482 


1433 


1424 


1435 


1476 


1437 


1388 


1379 


2100 


2131 


1592 


1003 


1944 


1585 


1556 


1457 


1438 


1469 


2160 


2151 




1963 


2004 


1595 


1756 


1-|37 


1458 


1819 


2190 






2053 


2104 


1865 


1956 


1797 


1688 


'OIQ 








2063 




1885 


223' 


2007 


1728 










2103 




2055 




2147 


j.828 










2233 




2125 






1838 














2155 






1978 














2175 






2008 














2235 






213B 




















2168 





(1) C. Lsncbits, W. Beach and R. Vo.3 icky, Enthalpy Changes, Beat of Fusion and Specific Heat 
of Pcslc Bwloaives , RMS No. 2504, January 1959* 



o*i t ion B, Deaenai tired 
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% 

R1K 

MIT 



Meiecatsr Weight: 



Wax, added, (Stanolind 
or Arietovex, 1650/ 

. 170?Pj . , 



VloyXseal (MA28-14), 
added 

Vistanex (B120) 
Albecer Wax 

C/H Rotio 



ha pa ft laaoM olHr. 2 Kg Wt: 

Bureau of Mines Apparatus, cm 
Sample Wt 20 mg 
Picotinny Arsenal Apparatus, in. 
Sample Wt, mg 



Steel Shoe 
Fiber Shoe 



Rifle Ballet la 

Explosions 



Unaffected 

Unaffected 



Oxygea laleete: 

CO- % 

CO 


See Cyclonite 
See Cyclonlte 


See Coop B 
See Camp B 


Peaalty: gm/r r 


Cast 1.65 


I .65 


Moltiog Pei at: *C 


Prseeiag Peiat: •< 






Belli eg Peiat: *C 



Bxplesiso T* aratare: 

Seconds, 0. 1 (no cop used) 
1 

5 I e composes 


•c 21 


II** 


260 


270 


10 






15 






20 






7J'C lateraeMeaal Heat Test: 

% Loss in 48 Hrs 


16v C Heat Teat: 


21 


II** 


°o Loss, 1st 48 Hrs 


0.05 


0.12 


% Loss, 2nd 48 Hrs 


0.19 


0.18 


Explosion in 100 Hrs 


None 


None 


1 


Fleams kility ladex: 


Hygreacepiclty: % 

3o°c, 90 i m 


0.00 


o.oc 1 


Ve'eHfl ty: 


Nil 


Nil 1 



Refract i ve lade*, nj 

nS 

n£ 



Vocueai Stability Test: 21 

ee/40 Hrs, ot 
90'C 
100‘C 

I20“C 0-99 

I35°C 

150*C U+ 



ivw arum Bask M Teat; 1? 

Sond, gm 52.7 



S e a al t l elty t* l aitletlee : I* 

Minimum Detonoting Chorgc, gm 
Mercury Fulminote 
Lead Azide 0.22 

Tetryl 



■ellietic Mortar, % TNT: 



Trend Teat, % TNT: 



Plots Beat Teat: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 



P e te ae t fea Re's: 

Confinement 

Condition 

Charge Diometer, in. 
Density, gm/cc 
Rote, meters/second 



♦Deeer.el tired Coen t’, designated I, u-,t3 emulsified vax 
**IXseris' tized Comp 3, designated II, uses ..sated RDX- 
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Composition B, Desensitized 



/ r 



Fragmentation Test: 






90 mm HI, M71 Projectile, Lot WC-91: 




Density, gm/cc 






Charge Wt, lb 






Total Ne. of Fragments: 






Tor TNT 






For Subject HE 






3 inch HE, M42A1 Projectile, Let KC-3: 


m 


Density, gm/cc 


I7T65 


Chorge Wt, lb 


0.87 


0 86 


Total No. of Fragments: 






For TNT 


51k 


5a 


For Subject HE 


609 


659 



Fragment Velocity: ft /sec 
At 9 ft 
.*♦ 25‘A ft 

Density, gm/cc 



•lest (notarise to TNT): 
AIr 

Peak Pressure 

Impulse 

Energy 

Air, Confined: 
Impulse 

Under Water: 

Peak Pressure 

Impulse 

Energy 

Underground: 

Peak Pressure 

Impulse 

Energy 



♦Desensitized Corap B, designated , apes 
emulsified wax. 

**Deser.3lti .ted homp b, deci. eted II, uses 
coated I-JDX. 



Shaped Charge Effeetivenett, TNT — <00: 

Gloss Cones Steel Cones 

Hole Volume 
Hole Depth 



Color: 


Yellov 


-j 

■brown 


Principal Uses: 


Bombs 




Monad of Loading: 


Cast 




Landing Density: gm/cc 


1.65 




| Storage: 


Method 




Dry 


[ Hazard Class (Quontlty-Oistcnce) 


Claas 9 


Compatibility Group 
Exudation 




Group I 



Viscosity, poises: 



Temp, 83°C 3-5 3-1 

95° I 2.6 2.7 

References: 

(a) See the following plcatinn.y Arsenal 
Technical Reports on RDX Composition B, 
Desensitized: 



1313 lA 3: 

2033 1865 



\ 1 













''•It Ion C 
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Pl.eticlier, non- 

«3plMlT« 11. T* 

•Bonexploeie e oily plasticizer containing 
0.6$ lecithin. 

C/H Ratio 



Kshnlst Weights 



Oxygen IiIi i ci i 

CO, % 

CO % 



f IfW SenrSfvftr. 2 t{ YVfc 
I Bureau of Mines Apporah is, cm 

Sampie Wt 20 mg 
Picotinny Arsenal Apparatus, in. 
Sample Wt, mg 


100+ 


Frktlee Nihil Test: 




Steel Shoe 
Fiber Shoe 




W» BaHst hn'.acr Test: Trials 




% 

Explosions 0 




Port io Is 0 

Burned 0 

Unaffected 100 




Rsphries Tsmpststuie: ’C 

Seconds. 0 1 (no cap used! 

1 

S Decomposes 285 




10 




IS 




20 




ft’C ieteieettseel Meet Test: 

% Loss in 48 Hr* 


180'C Heat Test: 




% Loss, 1st 48 Hrs 


C.01 


% Lass, 2nd 4P Hrs 


0.00 


explosion in 100 Hrs 


Bene 






0.25 


WetWty: 25°C, 5 days 


0.00 



Density: gm/cc 



*C 



BsomIa* DuIbA. * 
rlMB|H| rvMT « v 



c 



IthstHn Cedes, nS 



an Stability Test: 

ec/40 Hrs, at 



208 Greer Beeib Seed Test: 

Sand, gin 


kC. 5 


SseiitMty te leMetiee: 




Minimum Detonating Charge, gm 




Mercury Fulminate 




Leod Aside 


0.25 


Tetryl 


0.11 


BeUstK Mortar, % TNT: (a) 


120 



Trees! Test, % TN*. 



Plate Dent Test: 




Method 


A 


Condition 


Hand Tamped 


Confined 


Yes 


Dens if., gm/ee 


1.58 


Brisoncr’, % TNT 


112 


PsteesHse Beta: 




Cmfinement 

Condition 

Charge Diometer, in. 
Density, gm/cc 
Rote, meters/* econd 




























itloo 0-2 
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REX 


78-7 


WT 


5.0 


WT 


12.0 


MT 


2-7 


HC 


0.6 


Solvent 


1.0 


C/H Katie 





■pe* S iee K Mty, 2 Kf Wh 

Bureou of Mines Apporotia, cm 
Sample Wt 20 mg 
P tcoclony Artanol Apparatus, in. 
Samptt Wt, mg 



Steal Shea 
FAer Shea 



Explosions 



Burned 

unoTTKr«a 



Teat: Trioh 

% 

0 

20 

0 

80 



Sacmdi. 0.1 (no cop uaed) 

1 

S Decaopoeee 285 
10 
15 
20 



71 ‘C Im a raaH.ae l Hoot Teat: 

% Lon In 48 Hr* 



100'C Nut Toot; 

% Leu, lot 41 Hr* 
% Lou, 2nd 48 Hra 
Expiation in 100 Hn 



% 30°C, 95* HH 



25°C, 5 days 



W(i|L 



O^m Mom*. 

CO % 



'i gm/ee 



Fm«l»g Hiatt *C 



Itledhi ledte, p® 

n» 

n« 


Vtama SteMfey Test: 




cc/40 Hn, ot 




90*C 




100*C 


2.0 


120*0 


9.0 


135*C 




I50*C 




* w K. • A ~ 

WO IHR 




Send, gm 


47.5 


SseeltMty te laWetlae: 




Minimum Detonating Charge, gm 


Mercury Fulminate 




Lead Azide 


0.25 


Tetryi 


0.10 


leBIUlc Mortar, % TNT: 


(•) 126 


Treoel Test, % TNT: 


Pete Dent Teat: 


(c) 


Method 


B 


Condition 


Hand tamped 


Confined 


Ho 


Dtntity, gm/ee 


1.52 


Brisance, % TNT 


111 


Deteeellte Kate: 


(d) 


Confinement 


Hone 


Condition 


Kind temped 


Charge Ow, neter, In. 


1.0 


Density, gm/i e 


1.57 


Rate, • neten/tecond 


7660 
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* ’ 



Composition C-£ 



90 m HE, M71 Projectile, Lot WC-91: 

Density, gm/cc 
Cnorge Wt, lb 

Total Ha. ef F n|mnh : 

For TNT 
For Subject HE 

9 tack HI, M42A1 Projoctile, Lot KC-5: 

Density , gm/cc 
Charge Wt, lb 

Tote! No. ef F tegeneH : 

For TNT 
For Subject HE 



Fragment Velo ci ty: ft/sec 
At 9 ft 
At 2514 ft 

Density, gm/cc 



■loot dteletfre to TNT)' 



Air: 

Peok Pressure 

Impulse 

Energy 

Air, Crefail : 
Impulse 

U>4er Weler: 
Peok Pressure 

.pulse 



llslovisml: 
Peak Pressure 

Impulse' 

Energy 



Shaped Charge Effectiveness, TNT = 100: 

Gloss Cones Steel Cones 

Hole Volume 
Hole Depth 

White 

Prie c lp el Uees: Plastic demolition explosive 



Method ef LeadMg: Hand tainted 

too flto g P seilty: gm/cc 1. 57 

1 

Method Dry 

Hozord Class (Quontity-Distance) Class 9 

Compotibility Group Group I 

Exudation Volatilizes above 52°C 

Plasticity: 

Belcv 0°C Plastic (-30°C) 

0-i*0°C Plastic 

above 1*0°C Hard (?2°C)* 

•Due to volltalization of plasticizer. 

References: 

See references for Composition C-*». 






itlon C-3 
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fimfiilttin. 




RISC 


77 


Itetryl 


3 


hit 


l» 


hit 


10 


MET 


5 


KC 


1 


C/H Rotio 





Melncatar Weight: 



hfwt liiWrl), 1 K| Wh 

Bureou of Minos Apporatus, cm 
Sompie Wt 20 mg 
Picotinny Anonol Apparatus, in. 
Sample Wt, mg 



Stool Shoo 
Fiber Shoo 



Unaffected 

Unaffected 



Import Toot: Trials 



Explosions 

Partials 1 

Burned 

Unaffected ( 



Seconds, 0.1 (no cap used) 
1 

5 Decomposes 
10 
15 
20 



75'C Inter n n tinno l Hoot Tost: 

% Lots in 48 Mrs 



100'C Hoot Tost: 

% Loss, 1st 48 Hrs 
% Loss. 2nd 48 Hrs 
Explosion in 100 Hrs 



i % 30°C, 93i RH 2 



25°C, 5 ds.ve 1.15 



Oqy.s Mantt 

CO, 

CO % 


K 


Density: gm/cc 


mmm 


>- ^ i 

rP>T 


■c 


Fraseiei 


| Point: 


•c 




S3 


c 



Refractive Index, 

n& 

•»* 



Venom Stnblfcy Tost: 

cc/40 Hrs, ot 
90‘C 

100‘C 
120 *C 
135 V 
-150'C 



2f 1 Seam Bomb hood Test: 

Sond, gm 



Minimum Detonoting Charge, gm 



Mercury Fulminote 




Leod Azide 


0.20 


Tetryl 


0.08 


■tic Matter, % TNT: (a) 


126 



Tiaod Tost, % TNT: 



Plato Boat Tost: 

Method 
Condition 
Confined 
Density, gm/cc 
Brlsonee, % TNT 



Confinement 

Condition 

Charge Diameter, in. 
Density, gm/cc 
Rots, mtters/seccsd 



Hand tamped 
No 
1-57 
118 



None 

Hand tamped 
1.0 
1.60 
762h 
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Ccmpoeltlon C 



Fn|ienataHaa Tash 




NasNt H7I PrajetMa, 1st WC-91: 


Dansit, yn/ct 


158 


Charge Wt, b 


20*»5 


Tatal Me. ef fa|a oatt: 




For TNT 


703 


Hx Subject HE 




9 tack HE, M4SA1 Prajactfla, Lai KM: 


Oanaity, gm/cc 


1.60 


Chorgj Wt, lb 


0.842 


Tatal Na. af Frofanta: 




For TNT 


51<» 


For Subject HE 


671 



.—■it Vtfcdty: ft/tac 
At 9 ft 
At 25V4 w 

Density, gm/cc 



tasHlatatbeleTNT): 

Air: 

Rank Pressure 

Impute 

Enargy 

Air. C ea fo ie d ; 
Impute 

IMa Watar: 

Paok Prauura 

Impute 

Enaigy 



Paok Prauura 

Impute 

Enargy 



S h aped tttg a IH a HN aaaaa. TNT = IN: 

Gloss Conaa Stoat Conn 

Hole Volume 
Hoia Depth 



Ca l a r. Yellow 



Pita ilp at Vaast Plastic demolition explosive 



Leedtag Daatyi gm/cc 



Band taaped 



1.58 



Meihod Dry 

Hazard Clou (Quuntity-Distanee) Class 9 

Compatibility Group Group I 

Exudation Exudes st 77°C 



Plasticity: 

Below 0°C 
0-40°C 
Above 1*0°C 

Booster Sensitivity Test: 



Hard (-29°C) 
Plastic 
Exudes (77°C) 



Condition Pressed 

Tetryl, gm ICO 

Wax, In. for 50^ Detonation 1.36 

Density, gm/cc 1.62 

References : 

See references for Composition C-4. 


















Coaposltloo C-l 



AMCP 706-177 



r l 




* 

ROT 91 

Plaaticlzer, non- 

exploalve 9* 

* Contain* polytaobutylene 2.1 6 ; mo cor oil 
1-66 and di(2-ethylhexyl) aebacate 5- 3i- 

C/H Ratio 


M« is cuter Weight: 


Ostia* lalaan: 

CO, % 

CO % 


Daaalty: gm/cc 


Me IHeg Pete* *C 


m a m.»-i tr 

rlVW*| rVMR 


la^aet SaneRMtr. » Kt W»i 

Buhmu of Mina* Apparatus, cm 100+ 

Sample Wt 20 mg 

Piootinny Arsenal Apparatus, in. 19 

Sample Wt, mg 27 


BalBag hit): ’C 


Refractive lade*. nS 
n£ 
«S 


rvmMi *wWWPB i 

Steel Shoe Unaffected 

f" <v Shoe Unaftected 


Vccvwri Tut* 

cc/40 Hrs, at 
90*C 

!00*C 0.26 

I20C 

I35‘C 

I50*C 


UHa BoNet Impact Test: Trials 

% 

Explosions 0 

Partial* 0 

Burned 20 

Unaffected 80 


200 Gram Baa* Seed Test: 

Sand, gm 55.7 


>iipl«"l*a Teasperatore: *C 

Seconds, 0. 1 (no cap used) 

1 

5 290 

'.0 
IS 
20 


» wt t» * - tit -«> 

eORaml-Wy s^® IRHWTWH. 

Minimum Detonating Chorge, gm 
Mercury Fulminote 

Lead Azide 0-20 

Te*ryl 0-10 


Ballistic Ms-tar, % TNT: (a) 130 


Tread Test, % TNT: 


7S*C let ifsetheel Heat Teit: 

% Loss in 48 Hr* 


Plate Beat Ted: (c) 

-Aathod E 



100'C Here Tsm: 




% 1-a, lit 48 Hrs 


0.13 


% Lb '., ini 48 Hrs 


0.00 


Exp! rJon m !00 Hrs 


Bone 




Hygrescepklty: % yfic, RH 


Nil 



VafatiUy: 



Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 

Dateaetk* Rote: (d) 

Confinement 

Condition 

Charge u'iomeier, in. 
Density, gm/cc 
Rotw, meteri/se.ond 



Hand tamped 
No 
l.fO 
U5 



None 

Hand tamped 
1-0 
1-59 
SO^O 



« 





Conpoeltlona C, C-2, C-3. C-4 
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Preparation; 

In manufacturing Quavoaltlae C-3» the mixed plasticizing agent la bee tad In a Halting kettle 
et 100°C. Water-vet RDJC la added and heating and stirring ere continued until all the water la 
evaporated. This mixture la then cooled and hand preaaed into demolition hlocka or apedal ltaa 
a— mltlon. 

Ccavoaltlon C-l la prepared by hand kneading and rolling, or In a Schrader Bovl el rev, RDJC 
of ad cron size or leaa vith the polyi s obu ty lene -pla a ti cl zer previously made up In ether. The 

thoroughly blended ezploalve la dried In air at 60°C and loosely packed by hand taaplng to lte 



Origin: 

Developed by the British during World War II as a plastic ezploalve which could be bend 
ehaped. It mi standardized In the United States during World Uar II and subsequent development 
led to adzturea designated C-2, C-3 and C-b. 

Deatructlon by Chemical Deccgwaltton: 

Composition C-3 la decoagioeed by adding It alovly tc b solution coeg>oaed of 1 l/k parts 
sodium hydroxide, 11 parts ’/a ter, and 4 parte 95f alcohol, heated to 50°C. After addition of 
Coapoaltlon C-3 la complete, the solution la heated tc 0O°O and maintained at this temperature 
for 15 minutes. 

References: ' 1 

(e) Camaittee of Mv 2 and a, Report on HttX and Trrtonnl. OSR.O No. 5^06, 31 Julv 19^5. 

(b) Philip C. Keenan and Dorothy Pipes, Table of Military High Explosives, Second Revision, 

HAVORD Report Ho. 8j-h6, 26 July 1<M- 

(c) D. P. MacDougall, Kethoda of Physical Testing , OSHD Report Ho. 803, 11 August 19^2. 

L. C. Smith and E. 0. Eyater, Physical Testing of Explosives, Part III - Mlagejjnneoui 
Sensitivity Tests; Performance ’Pests. OSRD Report No. 57te, 27 December 191*5. 

(d) 0. B. Messer ly , The Rate of Detonation of Various Explosive Compounds, QilRD Report No. 

1219, 22 February 19^3. 

M. D. Hurvitz, The Rate of Detonation of Various Compounds and Mixtures , OSHD Report No. 
5611, 15 January 19*»6- 

^e) W. R. Tomlinson, Jr. , Blast Effects of Bomb Explosives , PA Tech Div Lecture, 9 April 



l 



(f) Baa tern laboratory, du Pont, Investigation of Cavity Effect, Sec ITT, Variation of Cavi- 

ty Effect vlth Explosive Composition , "SlRC Coi. tract W6?2-0R1>"5 , ?23. " 

(g) Baatern Laboratory, du Pont, Investigation of Cavity Effect, Final Report, 18 September 
19**3, NDPC Contract W-672-ORD-5723. 



(h) L. C. Smit and S. R. Walton, A Consideration of RDX/Wax Mixtures as a Substitute for 
Tetryl In Boosters , NOL Memo 10,303, 15 June 1919. ~ 



Tf 



See footnote 1, page 10. 
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OoigogjUon| c, r-2, c-3. c£> 



(i) ¥. T. McGtrry wad T. W. Stereo*, Detcnatloc gate* of the More IwxarUnt MUltirv 
■Ay— at 8wwt T—pcrtture*, FATS Bo. °3B3, lor— Eer 1956- 

(j) Also S— the f alloying PI a* tinny Arsenal Technical Report* on RBX Oo— oaitlcn C: 





0 


1 1 


k 


1 


6 


I 


8 


2 
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% 

c 


Meat 

8.9 


H — 


R 


hi. 5 




Cl 


26.2 


^Scu 


Cu 




ll_ 


C/H Ratio 





npect IisrhMt) , 2 K« Wt: 

Bureou of Mines Apparatus, cm 
Sample Wt 20 mg 

Pieotinny Arsenal Apparatus, in. X; (l lb vt) 3 
Sample Wt, mg 9 



Exploded 

Exploded 



Steel Shoe 
Fiber Shoe 



RMW Mist Impect Test: 

Explosions 
Part io Is 
Burned 
Unaffected 



Melee liter Weight! (CuCgEgas) 271 



Oxygea Beleace: 

COj % -30 

CO % -It? 



Meg Feint: *C 



Refractive Index, nS 
n» 
n» 



tlgfclBlx 

mePniy I 

ec/40 Hrs, ot 
90'C 

100'C 

I20’C 

I35"C 

iso-c 



Seconds, 0. 1 (nc cap usad) 


-c 




i 

5 


305 




10 






15 






20 






7S*C Intereetleeel Heel Test: 

% Lass in 48 Hrs 


?00*C Kent Test: 






% Loss, 1st 48 Hrs 




2.67 


% Lost, 2nd 48 Hrs 




0.10 


Explosion in 100 Hrs 






None 


liidcs* 


NygreeeepteJty: % 30°C, 90* RH 


3-11 


«« » 

▼ VIWTDff . 



f enshfaLin 

jgUlterT *i j i« IMtWnVH, 

Minimum Detonating Charge, gm 
Mercury Fulminate 

Leod Azide 0.20 0-30 

Tetryl 0. 10 



BeUistic Matter, % TNT 



Tread Test, % TNT 



Ptote Dent Test: 

Method 
Condition 
Confined 
Density, gm/ec 
Brisonee, % TNT 



IL^ns^lna B mta - 

Dole* 

Confinement 

Condition 

Charge Diameter, in. 
Density, gm/ec 
Rote, meters/second 




























1 



99 M* M> M71 PrefectNe, Let WC.91« 

Density, gm/cc 
Charge Wt, to 

Tetel <f Fragments: 

For TNT 
For Sub)«ct HE 

Stock W.M4SA1 PtoistMc. LetKCSi 

Density, gm/cc 
Charge Wt, to 

Teiel Me. of hegaeto: 

For TNT 
For Subject HE 



Fragment Vetecftyi ft/eec 
Alt ft 
AtSHfl 

Density, gm/cc 



Meet nUleM*e to TMTtt 
Ain 

Ptofc Pressure 



Shaped Chasge 1 


WtsMrances, THT m W9t 




Glees Conet Steel Conte 


Hole Volume 




Hole Depth 


„ 


Cetert 


Blue 


Unk 


Prleory explosive 



Preeeed 



l oed to g Prs dt y : gm/cc 



Method 

Hazard Close (Quant tty D-.j-xe) 
Compatibility Grc^v 
Exudation 



VOt 

Ctoee 9 

Group N 



Air, 

Impulse 

Itoder Water: 

Peak Pressure 

lmpur>. 

Energy 



Peak Prurure 
Impulse 



Stab Seaeittv- 1 



Density 


Tiring 


Point (inch 


- ounces) 


ja/cc 


<£ 




ioo< 


l.*»9 


9 


11 


15 


1.63 


8.5 


i 10 


12 


1.7*1 


6 


t 


9 


1.86 


k 


r 


6 



Heat of: 

Explosion, cal/ga 

Specif lc Heat, rsl/ga 

Te^i range O°-30°C 
Vt of *ee 3 >le, gw 



0.155 

0.8910 









Chlorotatra aole 



AMCP 706-177 



ggggttw (a) 

Five * 5 DM of 5-anlnotetratole art dissolved la a nixture of 200 al of water and TO ml of 
concentrated HCX- mough kerosene or nujol (which givee a slightly claanar product) la added 
to provide a layer of oil approximately l/H" thick on the aurface. With only aoderata atlrrlng 
and external cooling to 10°-15°C» a aoluti » of 5 ijrasa of aodlun nitrite In 70 cc of Hater la 
added rapidly by naan* of a burette extending below the oil layer. I Mediately after thla addi- 
tion, a eolutlon of r gn of cupric chloride in a minimum amount of water la added all at once, 
and atirrliw! la continued for about 1 hour. The re». ion nixture la allowed to (tend for a few 
minutes till the bright blue copper salt asperate*. Ae oil la removed by decantation and nay 
be reused. The salt la filtered; washed with mate* alcohol, and e&ar; and dried - giving a 
yield of 6 grams or Tty- 






“2 HC1 



■ — «v 

I >- 

N 



B - N+-C1- +2HgO 



C— Cl ♦ 



Origin: 

The copper salt of 5 -cblorotetrazole was first described in 1929 by R. Stolle' (with 
X. Schick, F. Henke-Stark and L. Krause) who prepared the cc^ound by reectlon of the dlazo- 
nlum chloride of 5-amlnotetrazole with copper chloride (Her 62k, 1123). 

References! 12 



(a) R. J. Qaughrac end J. V. R. Kauftaan, Syn thesis an! 
PATH Ho. 2136, February 1955- 



rtlea of Halot-Jtrazole Salta, 



(b) A. M. Anzalooe, J . E. Abel and A. C. Forsyth, Characterlatlci of Explosive Substanc es, 
for Application In Amaunltlon, BATF Ho. 2179; May 1955- \ 



(c) A. C. Forsyth, Pfc, 3. KTasner and R. J. Geughran, Develo 
Trains. An Investigation Concerning Stab 3en«itlvlty versus Loadln 
CcMXJuafla, P^TO tto. 2146, February 1955. 



nt of Optimum Explosive 
enelty of Some Tnltlatln 



l, page 10. 
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Cyan uric Triazide 



Me l ecn l ar Wtl)K: (CjNj^g) 



Oxygen 0 slants: 






CO, % 




-4t.i 


CO % 




-83-5 


Jansky: gm/cc 


Crystal 


1.54 



lmpactSsatftMly,2KgWt: 

Buraou of Minn Apporotus, cm 1 kg vt 7 
Sample Wt 20 mg 
Picotinny Arsenal Apporotus, in. 

Sample Wt, mg 



100'C Heat Ted: 

% Loss, 1st 48 Hrs 
% Loss, 2nd 48 Hrs 
Explosion in 100 Hrs 



Friction Peadatnm Test: 

Steel Shoe 

gtt Oma 

riOCT jnOI 




IHb BaHd Impact Teat: Trials 

% 

Explosions 

Fortials 

Burned 

Unaf'ectad 




•c 


Seconds, 0.1 (no cap used) 
1 

5 

10 

15 

20 


252 


Intn.n ^|f|d ■! Hid T^d- 
a # at IPPdPI^NP niB* B • 

% Loss In 48 Hrs 





■»-* — n . 

■COTIP I !■( 

cc/40 Hrs, ot 
90*C 

100’C 

120-C 

1~5*C 

150*C 



200 0 ea» M Sm 4 Tmt: 

Sand, gm 



Su l t lil t) Is Ini t ia t ion 

Minimum Dotonof ng (.i targe, gm 
Mercury Fulminate 
Lead Azide 
Tetryl 



feMstic Mortar, % TNT 



Tread Tad, % TNT: 



Plata Dent Teat: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisance, % TNT 



: Decomposes above 100°C 



Dct#n#fi#p Ret#! 




Confinement 


- 


Condition 


- 


Charge Diometsr, in. 


0.3 


Density, gm/cc 


1-15 


Rote, meters/ second 


5550-5600 





























1 



i 



JKlMtaHrigk 
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Cyanurlc Trie tide 



Preparation; 

By tli* reaction of cyanurlc chloride with an aqueous solution of sodlua aside: 



/\ 

Cl-C c-ci 

I I 

a v n 

\r 



♦ 3* alt. 



h 3 -c 



\ 



C-B, 



♦ 3BaCl 



*C 

I 

Cl 



BecrystalUzailon should be avoided as it leads to very large crystals vhlch explode when 
broken. 



Origin: 



Cyanurlc Triezide was prepared la lSVf By Cat ours tram chlorine and aathyl cyanate. 

Later Jaaas improved the process (JCS £1, 266 (1687) and In 1921 E. Ott patented the prepara- 
tion tram cyanurlc chloride and aodlua aside (Bef b) TSylar and Rlnkenbach prepared cyanurlc 
trlaslde In a pure state and determined lta properties (Ref c). 



Initiating Efficiency: 

Reported to be aore efficient than lead aside, capable of initiating Explosive D. 
Solubility; 

Insoluble In water; readily soluble In hot ethanol, acetone, benzene, and ether. 
Heat of: 

Foraetlon, cal/ge -1090 to -11 38 

Reference*: 13 



(a) A. H. Blatt, Coapllatlon of Data on Organic Explosives , OSRD Report Ho. 201k, 
29 February 19kk. 



(b) Ott and Ohse, Ber 179 (1921). 

(c) mylar and Rlnkenbach, Bureau of Mines, RI 2513 (1923). 
Taylor and Rlnkenbach, J Frank Inst 20k, 369 (1927). 



footnote l, page 10. 
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A 

OoN-H K-lfOo 

^ I -2 

Hot CHo 



C/H Ratio 0.395 

• |»_ W. 

”TJ 

Buraou of Minas Apparatus, cm 
Sampta Wt 20 mg 
Picotinny Arsanol Apparatus, in. 
Sompla Wt, mg 



Malaeale. Weight; (C^NgOg) 222 



CO- % 
CO % 



Density: gm/cc 
MdHiiy PMMs *c 
Fiaaafag Matt *C 
Mm NM; *C 



Crystal 



StaaiShoa 
Fiber Shoa 



Explodes 

Unaffected 



RMe OWIet Impart Teat: 

Explosions 

Fortiols 

Burned 

UnOTT#C»#u 


Trials 

% 

100 

0 

0 

0 




•f Timnrstsrr 


•c 




Seconds, 0.1 (no cap used) 405 




1 


316 




5 Decomposes 


260 




10 


240 




15 


235 




20 


“ 




f|t|t tt--. 




% Lots in 4B Hrs 




0.03 


100*C Meet Test: 


% Lott, 1st 48 Hrs 




0 04 


% Loss, 2nd 48 Hrs 




0.00 


Explosion in 100 Hrs 




None 


FtomiiMfcMly ||4n* 


(d) 


278 


HygtsstspIsOy: % 25°C, 


100* HR 


0.02 



Vaco— StatWty Taati 

cc/40 Hrs, at 
90’C 

100*C 

I20*C 

I35*C 

150*C 

200 Arms lamb Send Test: 

Sand, gm 



ValaliBty: 



•Name given by Clarence J. Bain of Picetinny 
it It; Britiah, RDX. 



Minimum Dstonoting Chaiga, gm 
Mercury Fulminate 0.19*' 

Lead Azide 0-05* 

* MSmp&Lzo. lnmou« ctomi. 

O sOls tic Matter, % TNT: (*) X50 

_ Trees! Test, % TNT: (b) 157 

Mate Beat Teat: (c} 

Method A 

Condition Pressed 

Confined Yes 

Density, gm/cc 1-50 

Prlsonce, % TNT 135 

— P etissHse Rate: 

Confinement None 

— Condition Pressed 

Chorge Diameter, in. 1.0 

— Density, gm/cc 1. 65 

Rote, meters/second 8180 

Arsenal. Germans cell it Hexogen; Italians call 
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Cyclonlte (tU X) 




v> 



70 




Gian Conm S»t*l Conn 
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Cyclomte [Mg) 



Solubility of gy cl onlto; gn/lOO «n of the following eubrtancee: :(j) 



Mhtor 


Alcohol 


Acetone 


Sen sene 


Tolueno 


-2C. A 

30 0.005 


A 

0 


0T0S0 


A 

0 


■A 


A 

20 


JL 

0.05 


T 6 ? 5 l 5 


50 0.025 


20 


0.105 


20 


7.3 


40 


0.09 


20 0.02 


TO O.C76 


1)0 


0 . 2**0 


40 


11.5 


60 


0.20 


40 0.05 


90 0.19 


60 


0.579 


60 


is. 


80 


0 . 4 l 


60 0.13 


100 0.26 


78 


1.195 










80 0.30 
100 0.65 




Carton 










Stfeyl acetate 


tetrecblbrlte 


Methanol 


Bther 


CTT 


-%t A 


A 

50 


_L 

0.005 


A 

0 


o?D* 


A 

10 


A 

0.05 


9" A 


9 *t 18. 


60 


C.007 


20 


0.23 


20 


0.056 


85 5-0 




70 


0.009 


to 


0.47 


30 


0.076 


90 5-55 








60 


1.1 






95 6.2 

100 7.0 
105 7-9 


ISSSL I 

•Xocfcol 


Methyl 


^•Ktboxyethyl 






Trl chloro- 


ecet 


at e 


acetate 


C&loroOontene ethylene 


A .1 
0 0.02 


»■ A 


A 

20 


JL 

0.15 


A 

20 


A 

0.33 


A A 
20 oT 5 o 


20 0.03 


30 


3.3 


30 


0.16 


30 


0.44 


30 0.22 


i*o 0.065 


1*0 


4.1 


40 


0.19 


40 


O.56 


40 0.24 


60 0.22 
80 0 . 5 * 


50 


5.6 


50 


0.25 


50 


0.74 


50 0.26 


100 1.35 
















Tetre- 


Iso 


pro* 












riiTfyipfbaM 


j a 


£r 


Isobutanol 


Chloroform 


Meet ty load de 


A JL 
1 iT 0.09 


is- 


0^.8 


A 

20 


JL 

0.0 


A 

20 


A 

0.01 


A A 

27 3.2 
















97 12.2 


Cyclo- 


Iltro- 

Mnuoe 


Ktro- 

ethane 


Cfrclo- 
pen ta none 


Acetonitrile 


A. JL 
25 12.7 


A 

25 


A 

1.5 


9 - 


A 


is 


A 

11.5 


°c A 

wfi 


97 25 


97 


12.4 


93 


19 


90 


37 


82 33 



Methyl ethyl ketone 

IS- -h 

95 14 
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Cyclonlte (Rig) 



Solubility of Cvcloclta , Hols toe Lot £-2-5 In Various Solvents; 



Solubility 
gaj 100 m 
Solvent 



Solvent 


Boiling 

frointT 

“2 


Ac* too* 


56 


Cjclohex* none 


155-6 


Utranethaae 


100.6 


Acetonitrile 


81.6 


1- Htraprcpane 

2- Mtrcpropanr v> 


126.5 


120 


2,4-Pentanedi.ooe 


lHo.5 


Me thy 11 eobu tylketooe 


115-8 


n-Propylaoetate 


101.6 


n-Butylfamate 


105-6 


Ethyl acetate 


77-1 


n-Propylproplooate 


121 


Butyls oetate 


126.5 


Ife toy lethy lie tone 


79-6 


litroe thane 


Ilk. 2 


Isopropylacetate 


88-90 


Mealtylood.de 


128 


n-Auylacetate 


146 


Wnetoylcarbouate 


88-91 


Die thy lcarbonate 


125-126.5 


Isosogylacetate 


132 


Ethylpropiooate 


98-100 


Methy l-n-hutyrsU 


101.5-103.5 


cy cl open tenons 


130.6 


Acrylonitrile 


77-3 


Metfaylcalloaolvaac state 


144.5 



Grade or 



Source' 


g 8 °C 


Heated 


Cryatalline Porn 


CP 


8.2 


16.5 at 60°C 


hexagonal-thick 


CP 


13-0 


24.0 at 93°C 


cubic (aaeBive fora) 




1-5 


12.4 at 97°C 


pie tee 


Klacet 


11-3 


33-4 at 93°C 


plates 


Chen. Co. 








BC Bract 


1.4 


10.6 at 93°C 


short needles 


K Pmcj 


2-3 


11.6 at 93°C 


short needles 


Carbide & 


2.9 


18.3 at 93°C 


net prlsne 


Carbon 










2.1 


9.6 at 93°C 


long prlsne 


EX Red label 


1-5 


6.0 at 93°C 


long prlsne, eoaw 








cubic 


EX Red label 


1.4 


4.6 at 9 ?>C 


long prlsne 


Baker'a T 


2.0 


6.1 at boil. 


hexagonal pletee 


BC Red label 


0.8 


1.6 at 939c 


chart prlsne, scae 








cubic 


EC Bschuicel 


1.1 


4.0 at 93°e 


long prime 




5-6 


13-9 at boil. 


conrse plates 


BC Red label 


3-6 


19-5 at 93°C 


plates 


CP 


1.1 


3.2 at boil. 


long prlsne 


EX Red label 


4.8 


14.5 at 93°C 


plates 


CP 


1.0 


2.1 at 93°C 


prlsne 


a Red label 


1.4 


6.6 at boil. 


plates 


EK Red label 


0.7 


3-2 at 93°C 


prlsne 


CP 


1.2 


3-6 at 93°C 


prlsne 


3t Rad label 


3-0 


10.7 at 93°C 


fairly thick hex 

ndna 


BC Red label 


1.2 


4.9 at 93°C 


piftwl 

needles 


BC Red Label 


11.5 


39-0 at 93- 5°C 


hexegonal plates 


tyananld Co. 


4.0 


16.4 at boil. 


flat plates 


Carbide A 


1.6 


8.8 at 93°C 


naaslve hexagons and 


Carbon 






prlsne 



f i' V 
y ‘ r ■’’’.s-r; 






'' ‘ 'A;: 

.V-:^ 

v c-\v 
'A ■ 

... , ,i’’. V';w- •- 



IV'vVCV,' 



1 

f . -ft ;.»i! 
, «' ,! " 



\ “ 

f * 



EX, Eastaan Kodak; Prect, practical. 



i 
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Preparation: 

(Suanary technical Report of the KRC, Wv 8, Vol 1) 



(CHgJg H^ ♦ UHHOj ♦ 2HH h H0 3 ♦ 6(CS 3 CO) 2 0 



$*2 P 2 



° 2 h-h 






/xBonlua nitrate end acetic anhydride ere placed In a flaak and, vhile the Mixture ia stirred 
at 75°C» the following three liquid* are introduced concurrently and proportionately: acetic an- 
hydride, concentrated nitric acid, and a solution of hesaadne in glacial acetic add. Hie final 
Klxtcre la held for a short time at 75°C, diluted vith eater to 30% acetic add, and elfinfl to 
hydrolyse unstable reaction by-products, void: are a nixture of various nitrated and acetylated 
derivatives of hexanlne fragments. After siwering, the Blurry is cooled and the precipitated 
cycloclte renewed by filtration. The yield ie 78% of the theoretical amount (2 nolea) of cyclo- 
nlte eelting at 199°C- By dissolving the anaonlum nitrate in the nitric add, a continuous pro- 
cess, based on 3 liquids, la possible. 

Die product la recrystallized from acetone, or cyclohexanone, to (a) remove acidity, (b) 
control particle size and (c) to produce stable ^-HMX. The preparative procedure described 
above, the Bac h na nn or Combination process, yields cyclonlte containing 3-8% HMX. 

Origin: 

First prepared by Henning in 1899 (Geman Patent 104,280) and later by von Hertz (u. S. 

Patent 1, 402,693) in 1922 vho recognized its value as an explosive. Hot used cm a large scale 
in explosive aoBunltlon until World War II. 

Instruction by Chemioal Dacaapoaltlon: 



Cyclonlte (REOC) is decomposed by adding it slowly to 25 times its velght o. boiling 3% sodium 
hydroxide. Bolling should be continued for one-half hour. 

Beferencee: 14 

(a) C. Staith and E. 0. Eye ter, Physical Iteatlng of Explosives, Part III - Miscellaneous 
Sensitivity Testa; Performance Testa, OSRD Report Ho. 5746, 27 December 19^5- 

(b) Fb. Heoum, Z. gee Sch leaa a>rengBtoffw. pp. l8l, 229, 267 (27 June 1932). 

(c) D. P. MecDougall, Methods of Physical Testing, OSRD Report Ho. 803, 11 August 1942. 



(d) Philip C. Keenan and Dorothy Pipes, TBble of Military High Explosives, Second Revision, 
H1V0RD Report Ho. 37-46, 26 July 1946. 



l ^Sea footnote l, page 10. 
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Cycloalte (me) 



a) Axvament Research Department (Woolwich), Solubility of RISC In nitric Add (ARD Expl Rpt 
* 3 September 19*3) - 



(f) Report AC-2587. 

(g) International Critical ftbles 
lead. Bomat. 



B. T. Pedaroff at el, A Manual for Bxploelves laboratories . Left* Society Inc, Phila- 
delphia, 19*3-6. 

(h) 8. Hutchinson, The awrga l Penal tlveneea of Baploalvee. The thareal Conductivity of 
toloalro Materials, AC 9B61, ftret Report, August 19S2. 

(1) R. J. Plnhalatein and 0. Oamov, B>a ory of the Detonation Proceae, RAVOKD Report Ho. 90- 
*6, 20 April 19*7* 

(j) International Critical Tablea . 

(k) V. T. MoOarry and T. V. Stevens, Detonation Rates of thr More important Military Bxplo- 
alTes at aaeeral Different Teasisraturea, PAT^ Ho. iSHi, ltwrembe) 1956 . 



(1) 


Also see the 


following Picatinny Arsenal Technical Reports on cydonlte: 




0 


1 


2 


1 


* 


l 


6 


I 


8 


2 


1170 


1211 


582 


863 


118 * 


65 


1236 


857 


1*38 


709 


1290 


12*1 


13*2 


1193 


1*1* 


1175 


1316 


1207 


1*58 


1379 


1360 


1311 


1352 


1293 


1*5* 


1185 


1*16 


1*27 


1*96 


1*29 


1*50 


1*21 


1372 


1*33 


161 * 


1*35 


1**6 


1*37 


1578 


1**9 


1760 


l*8l 


1*02 


1*83 


163 * 


1**5 


1*66 


1517 


1838 


1*69 


1980 


1561 


1*52 


1503 


202* 


1715 


1*76 


1617 


1958 


1709 


2100 


l6ll 


1*92 


1693 


215* 


1855 


1516 


1687 


1958 


1909 




1651 


1532 


1713 


220* 


1885 


1556 


1737 


2008 


2059 




17*1 


2062 


1793 




1915 


1756 


17*7 


2028 


2179 




1751 


2112 


1923 




1935 


1766 


1787 


2178 





'f 

i 

f 





C/H Rotio 



tafKt SsalltMt,, 2 Kg Wt: 

Bureou of Minn Apparatus, cm 
Sample Wt 20 mg 
Pkotinny Arsenal Apporot js. in. 
Somplt Wt, mg 



44-t Uf.lAs, 




22b 


Oeygee leteese: 




\ 


CO, % 




*35 


CO % 




- 6 


Psnrtty: gm/cc 


Oeet 


1 .71 


MefttagMct: *C 



S' Ml Shoe 
Fiber Shoe 



T«r: 

Unaffected 

Unaffected 



MHe Mat I mpa rt Tart: Trials 

% 

Explosions 30 



Burned 

Unaffected 



Seconds 0. 1 {no ,_ap used) 
1 
5 
10 
15 
20 



75 ’C let n ee rt seel Heat Test: 

% Loss in 48 Hrs 



1M*C Host Test: 

% Loss, 1st 48 Hrs 
% Loss, 2nd 48 Hrs 
Explosion in 100 Hrs 



F l e rm e bl B t y Index 



Mm a ■■■ram I r toll X 
HlWWI^lIrtTr 70 



cc/40 Hrs, ot 




90*C 




100*C 


0.23 


120*C 


O.bi 


135-C 


- 


150*C 


- 


IQI gupi T#ih 




Sand, gm 




^RUPefNy ww 




Minimum Detonating Charge, gm 




Mercury Fulminate 




Lead Aside 




Tetryl 





Matter, % TNT: 



Tremri Test, % TNT 



Nets Dsat Test: 

Method 
Condition 
Confined 
Density, gm/cz 
Brrsonee, % T NT 



Confinement 

Condition 

Charge Diometer, in. 
Density, gm/cc 
Rote, meters/second 




























5 ^ 

» 

♦ 

% 
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^MMITIj I Hn 

v.onamon 
T«hyl, gm 

Wok, in. for 30% Detonotton 
Wax, gm 
Density, gm/cc 

Hoot oft 

Combustion, col/gm 2625* 

Explosion, coi/gm 1225* 

Gas Volume, cc/gm 662 

Formation, col/gm 

Fusion, col/gm (h) 5,0 

*0Hcul*tad froa ccapooltlon of pixtore. 
IpscMk Hoot: coi/gm/ *C (h) 



Oxygon, otoms/ssc 
(2/*se) 

Hoot, kilocolorio/molo 
(AH, heol/moO 
Tomporoturo Rongo, *C 
Phase 



Armor Hot# Impact Task 

|A AA f,,l. .off, 

50% Inert, Velocity, ft/sec 
Aluminum Fineness 



2c 




!s 




■T5 


0.220 


75 


0.358 


0 


0.225 


85 


0.385 


85 


0.25A 


90 


0.332 


50 


0.296 


100 


0.351 



Plate Thickness, inches 



col/sec/cm/*C 



Linear, %/*C 
Volume, %/*C 



Tseng's Modeler: 

E'. dynes/cm 1 
E, Ib/inch* 

Density, gm/cc 

C eeig r eee l oi Streng t h : Ib/inch 1 



mm Mercury 



emb Drop Tosh 

T7, MOM S emi Armor P ie rci ng lent n C 

Max Safe Drop, ft 

MM Genera l Parpens Bomb re C on e r at e : 

Height, ft 
Trials 
Unaffected 
Law Order 
High Order 

1000-ft Gee er e l Parpeee last re Concr et e ; 

Height, ft 
Trials 
Unaffected 
Low Orde; 

High Order 



I 
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NaaHt M71 Pialnf*. Ut WC91- 


Density, gm/cc 


1.72 


Chorge Wt, lb 


2.22 


Tatol Me. of fmgmaaH: 




For TNT 


703 


For Subject HE 


151b 


i Inch Hi. M43A1 fnjettM*. Ut KC-»t 


Density, gm/cc 
Charge Wt, K> 




Total No. of Fragments: 




For TNT 
For Subject HE 




Frngnunt Vstefcy: ft/s*c 
At 9 ft 
At 25% ft 




Density, gm/cc 




Mast (tsiatfti SnTMT): 


'd) 


Air: 

teak Pr A ■» 


111 


1 inputs* 


126 


Energy 


— 


Air, Ceeftnad: 
impulse 




Under Water: 

teak Praisuni 




Impute 

Energy 




teak Preisur* 




ImpuL'f 

Energy 





BwfW C h stgs BhdlwMH . TNT = lWi 

Glass Conss Stael Cones 

Hoi* Volume 
Hot* Depth 



Cftiir; 


Yellov-buff 


Principal Utas: 


Shaped charge bomb especially 
fragmentation; HE projectiles ; 
grenades 



Matted 

Hazard Cion (Quantity-Distance) 
Compatibility Gracp 
Erudotion 



Dry 

Clast 9 

Group I 



Preparation: See Composition B 

Origin: Developed by the British between World 
War* I and II and standardized in the United 
States early In World Mar II. 

Black Modulus at Room 
Temperature (25°-30°C): 

Eynts/cn^ x 10*^® 3-09 

Density, gm/ec 1 . 7 b 

Absolute Viscosity, poises:* 

Temp, 85 U C 210** 

90°C 

Efflux Viscosity, Ssybolt Seconds: 

Temp, 85°C 9- lb 

* Compositions using 3pec Grsau Type A, 

Class A RDX. 

** Composition prepared using RDX of optimum 
particle slzo. 













t 

I 



yclotol, TO / 30 
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C/HRotlo 

*-f — ‘ W mi thrtty , 2 Kg W»: 
Bunou of Minot Apporotut, cm 
Sample Wt 70 mg 
Picotinny Arterial Apporotut. in. 
Somple Wt, mg 



A A-l 1 -- U /.l-Lt . 

MMtVIiV nVIlIKt 

Oxygon tolonco: 

CO, % 

CO % 



Polit y: gm/cc 
MoMog Point: 'C 
Fronting Point: *C 

■ -1M m. t..M if 

POfPPJ r PWw i V# 

Rofmcttro Index. n£ 



nl,,— * — A - - X nrt — «. . 

nWWw rVMNMHI I V 9 H 

Stool Shoe Unaffected 

Fiber Shoo Unaffected 

IMe BoMot I m po rt Tort: Triolt 

% 

Exploskxtt 30 

Portrait 30 

Bumod 0 

Unoffoctod ho 



EapMen ^r^r^n^^emOitm. 

Second!, 0. 1 (no cop uted) 
1 

5 Decomposes 
10 
15 
20 


•c 

265 


7S*C letemetienel Heat Tart: 




% Lott in 48 Hrt 




100’C Hoot Tart: 




% Lott, Itt 48 Hrt 


0.07 


% Lott, 2nd 48 Hrt 


0.08 


Explosion in 100 Hrt 


None 


Flammability Index: 


Hygretcapkity: % 


Nil 


W 1 .»»«. 


Nil 



rt. -A Iftn- 

VoVHH 1 Vmn » 

cc/40 Hrt, ot 
90'C 
I00*C 
120*C 
I 35 *C 

iso-c 

200 Crom t omb Sand Tort: 

Sand, gm 



CnmaibittlbH Pa 
oOnortnUy • W IPmwfWP. 

Minimum Detonating Chorgo, gm 
Mercury Fulminate 
Load Azide 
Tetryl 



txHiotic Mortnr, % TNT: (a) 



Tromd Tort, % TNT: 



Plato Pont Toot: (b) 

Method 
Cordition 
Confined 
Domity, gm/cc 
Britonco, % TNT 



Dotonotion Roto: 

Confinement 

Condition 

Charge Diometor, in. 
Density, gm/cc 
Rote, metert/sacond 












Tm»: 



lli i yri O m y Mmiwm TNT — 100: 
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HIT 


35 




C/H Ratio 






Impact SeeeltMty, 2 Kg Wh 

Bureou of Mine: Aoparotus, cm 
Sample Wt 20 mg 
Picotinny Arsenol Apparatus, in. 
Sample Wt. mg 


Friction Pinfnti 


m Teat: 




Steel Shoe 




Unaffected 


Fiber Shoe 




Uneffected 


RMIe BaNat be) 


met Teat: Trials 




Explosions 

Portiab 

Burned 

Unaffected 


% 





Seconds, 0. 1 (no cap used) 
1 

5 Decoapoaes 
10 
IS 
20 



7J'C l eh i eiHm l Hwt Teat: 

% Lou in 48 Hrs 





224 


Oxygen Beleatt: 


-ItO 


CO- % 


CO % 


- >» 


Deaalty: gm/ee Cast 


1.71 


MeMag Mat: *C 



BeMag M e t : *C 



100‘C Heat Teat: 




% Lou, 1st 48 Hrs 




% Lou. 2nd 48 Hrs 




Explosion in 1 00 Hrs 




Fie ■■ability Index: 


Hygreacepklty: % 


Nil 


TvnnH*|t 


Nil 



cc/40 Hrs, ot 
90 ‘C 
100‘C 
120*C 
I35*C 

iso-c 


200 Grm M S md T«h 




Sand, gm 


55.1* 


TamalBlnUu ftm laMaMaa* 
dVMulTHj If IBHWHW* 




Minimum Detonating Choree, gm 




Mercury Fulminate 




Lead Azide 




Tetryl 




BaMtHc Metier, % TNT: (e> 


13k 


Tread Teat, % THT: 


Plata Dent Teat: 




Method 




Condition 




Confined 




Density, gm/cc 




Brisonce, % TNT 




Dateaatlaa Rate: 




Confinement 


None 


Condition 


C«bl 


Charge Diameter, in 


1.0 


Density, gm/cc 


1.72 


Rate, meters/second 


7075 




























I 






n 



C/H Ratio 



■poet MMikr, > kg wt: 

Bureau of Minn Apparatus, cm 75 
Sample Wt 20 mg 
Picctinny Arsenal Apparatus, in. 
Somplo Wt, mg 19 



yclotol. 6oAo 



Omn iiimfi] 

CO, % 

co % 



D e ns ity: gm/cc 

or 

Frnilsg Feb* *C 

■9MM WM! v 
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» - « » — «- 

rTWnVN rlRBVIBRI ivm 

Stool Shot 
FibtrShot 



Expiations 

Portkjh 

Burned 

Unaffoctod 



Seconds, 0. 1 (no cap used) 
1 

S Decortpotee 
10 
15 
20 



7>*C loltioo M ooo l Hoot Test: 

% Lott in 48 Hrs 



100'C HootTott: 

% Lots, 1st 48 Hrs 
% Lost, 2nd 48 Hrs 
Explosion in 100 Hrs 



Hygraecopicftv: % 



Volatility: 



Unoff acted 
Unaffected 



Toot: Trials 



Vecettm StoMHty Tort: 

cc/40 Hrs, ot 
90*C 
I00*C 
120*C 
I3S'C 
150*C 

IN Gram look Sand Tort: 

Sand, gm 



Minimum Detonating Charge, gm 
Mercury Fulminate 
Load Aside 
Tetr* 



iiWIltl: Mertor, % TNT: 


(•) 


1-33 


Tieml Tort, % TNT: 


Ploto Dent Toot: 


(b) 




Method 




B 


Condition 




Coot 


Confined 




Bo 


Density, gm/cc 




1.72 


Brisonce, % TNT 




132 


Dotoootioa Roto: . 


Confinement 




Bone 


Condition 




Cost 


Charge Diometer, in. 




1.0 


Density, gm/cc 




1.72 


Rote, meters/second 




7900 
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M as HI, M71 Prejeeffle, Let WC-*1; 


Density, gm/cc 


1.65 


Che roe Wt, lb 


2 . 18 ? 


hi- -| L-^^a., 
IWW Iwt W rlriprilriilW* 




for TNT 


703 i 


For Subject HE 


998 


1 inch HI. M42A1 Project*, L«t KC4: 


Density, gm/cc 


1.67 


Chotge Wt, lb 


0.382 


Total No. ef FragasaaN: 




For TNT 


514 


ForSubjactHE 


701 


Fra gnat Velerity: ft/sac 


(e) 


At 9 ft 


2965 


At 25% ft 


2800 


Density, gm/cc 




Blast (Relative la TNT): 


(d) 


Air: 




Peok Pressure 


104 


Impulse 


116 


Energy 


— 


Air, MM: 




Impulse 




Uadar Water: 




Peok Pressure 




Impulse 




Energy 








Peak Prestare 




Impulse 




Energy 




Best of: 


* 


Combustion, cal/gm 


2820 


Explcaion, cal/gm 


1195 


Cat Volume, oc/gm 


845 


Compress Ive Gi-rength ; I'r/i 


, 2 
nch 


1 . TO "rpec 


2200-3000 



tb apai Qxigt IH t ct htaeat, TNT = lOOi 

Gian Conn Steel Conn (•) 



Hole Volume 
Holt Depth 



1T8 

125 



162 

148 



Ctltr: 



Yellow-buff 



Miiiljit Uttu Shaped charge tot*; 

eapecially fragmentation HE 
project! lea, grenades 



Marin d a# 



Cast 



Leading D t t al l y: gm/tc 



1.68 



Method Dry 

Hazard Clan (^jant ity-Dts»once) Claes 9 

Compat ib ility Group Group I 

Exudation 



Preparation; See Composition B 

Origin: Developed by the British between 
World Ware I and II and standardized in 
the United States early In World Mar II. 

Bulk Modulus at Room 
Temperature (25°-30°C): 

Dynes/cm 2 x 10' 10 
Density, gm/cc 

Absolute Viscosity, poises;* 

Temp, 85°C 
90°C 



1-72 



12.3 



* Compositions using Spec Crsde Type A, 
Class A RDX. 



rolculsted froik ocx-poslt ion of mixture. 



84 
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(a) L. C. Saith and X. 0. Ryatar, Rvaloal Testi 
Smiltirtty Dwti; Farfoxmnca Ihata 



loalrae, Part ITT - Mlecallanaoue 



(b) D. P. IfccDougall, Kathode of Physical Destiny . OSRD Report No. 803 , U August 1942 



(c) R. W. Drake, 
latad Sbeila. OSRD Re 



nt Velocity and Bsnel Feaatrstlon of Several Explosives in Sim 
ff. 3ifeSB, ft January 1$44. 



_W - Y 1 Phllll> chuk ’ y^Air Blaet Xvml.uatlon of Mg-TMT-Al, RMC-TMT. and CTMIetal ftre 
National Northern Sunaaiy RepK ,»-*>-$!*, Xprtl l 9 $£. ' *~ 

(a) Ba* tern laboratory, du Pont, Investigation of Oavity Effect . Section HI, Variation of 
Ckvlty Bfftect with Cancel tlon. mttr. 01 






(t) We 8 . Cramer, Bulk 
4380, 15 September 195&I 



easlhlllty Data on Several 



plosives. KAVORD Report No. 



(g) Also see the following Pi on tinny Arsenal technical Reports on 'Vdotoler 

a i £ 1 i i 6 I 8 

1290 1651 1482 11*83 1824 1433 1476 itP7 iTtrf 



1483 


1824 


1435 


1476 


1427 


1396 


1793 
19° 3 


1834 

1944 

2004 


1585 


1756 

1796 

1876 


1507 

1747 


1488 

I 83 B 



(h) C. Lench* ts, V. Beech and R. Vallcky, Ent 
Heat of Baalc Kxploelves, KATR No. 2504, Janua^T 



gee. Heat of Fualon and 



See footnote 1, page 10. 
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lene Trial troeamine 



% 

C £0.6 
H 3-5 
n *8.3 
0 27-6 
C/H Ratio 0.12 



Meloceler Weight: (CjHgK^Oj) 



N-N— 0 
CH- 



hipest SaasitMty, S Kg Wt 




Bureau of Mines Apparatus, cm 
Sample Wt 20 mg 
Wcotlrwiy Arsenal Apparatus, in. 


15 to 22 


Samp!* Wt, mg 


17 to 20 


1 

i 

1 




Steel Shoe 


Unaffected 


Fiber Shot 


Unaffected 


Rifle Beta Impact Test: Trials 




% 




Explosions 

Partial! 

Burned 

Unaffected 




ItspMen Temperatare. 

Seconds, 0.1 (no cop used) 

1 

5 220 




10 




15 




20 




73 X latere elleael Heat Toth 




% Loss in 48 Hrt 




100X Heat Tests 




9> Loss, 1st 48 Hrs 


8.79 


% Loss, 2nd 48 Hrs 


2.98 


Explosion in 100 Hrs 


None 




Hygrescepkity: % 30°C, 90^ RH 


0.02 



Oxygen Bei.act 

CO, % 

CO % 


1 : 

-55 

•SB 


DtatBy: gm/cc 




■mJMI 


•C 105 to 107 


(22 


1 Ft iati 


•c 


BeWag 1 


SI 


c 



MwiHw lata, f£ 



Va cmm SteMBy Tah 

cc/40 Hrt, ot 

wc 

100‘C 



100‘C 9.19 3.71* 

•Average value of 5 ga sample twice recrystal- 
lized from isoaayl alcohol. 



! 200 Gftm Bwnfe Umd Tmh 

Sond, gm 


59.2 


5«».l 


9 aa elRtiilRi 1 ba laMMiaar 
annuli r j ■* imnvnvn, 






Minimum Detonating Charge, gm 




Mercury Fulminate 




0.200** 


Lead Azide 




0.100** 


**Alt5?B6ltive Initiating 






■ ■Bln tit Mortar, % TNT: 




130 


Travel Test, « TNT: 


Plata Peat Test: 






Method 






Condition 






Confined 






Density, gm/cc 






Brisonce, 96 TNT 










(*>) 


Confinement 




None 


Condition 




Cast 


Charge Diomcter, in. 




1.2 


Density, grt/cc 




1.L2 


Rate, meters/seeand 


7000 to 


7300 






















r 



Ijt fiP 706*177 Cvclotrlaethylene Trlnltrosaolnc 

Preparation of Hev»hydro-1.3.5-Trinltroso-s-trla2lna Cyclotrlaethylene Trial troeamlnc: 



(Reference a) 



HCBO ♦ BHjjOH + HeROg 



formaldehyde ammonium 



* 




■NO 



CH„ 



\\ 



r :• 



An »— i solution of an amine la prepared by adding aqueous formaldehyde to amaorilum 
hydroodda. The rate of addition of formaldehyde la regulated to maintain a solution tempera- 
ture of 30° to 35°C- v 

Sodium nitrite la dissolved In water and the solution or slurry is then poured into the 
previously prepared esdne-eanonia solution sod totally dissolved by stirring. This solution 
is chilled to below 0°C. 

Into a nixed acid solution, previously prepared by dissolving concentrated nitric acid 
In water adding concentrated sulfuric acid, all chi lied to -9^C, there is added the cold 
amine-nitrite solution below the surface of the add mixture. Hie addition Is regulated to 
take 20 to 30 minutes. 

Qm resulting foamy head of cyclotri methylene trinitroremine is allowed to t'.t over the 
Icy spent liquor for l/2 hour and la then collected on a sintered glees funnel and washed to 
neutrality, tub asist cyclotri methylene trlnitroeemine is removed from the funnel and air- 
dried on filter paper. Hie dry erode product melts at 106° to WTC. Re crystallisation from 
isoamyl alcohol gives a pure c abound melting at 105° to 107°C. 

Origin; 

Cyclotr lmethylene trlnltrosamlne was discovered In 1888 sinultaneouely by Grleas and 
Harrow (Ber 21 (1888), p. 2737) end by Meyer (Ber 21 (1888), p. 2883) when sodium nitrite 
was allowed react with hexamethylene te trail ne Tn acid solution. Hits compound was later 
studied by Dudan and 8charff (Ann 288 (1895), p. 218) end by Del^pine who determined Its heet 
of formation, which wee negative (Bull Soc chxm (3) 15 (lfa>6), p- 1199). Because cyclotri - 
methylene trlnitroeemine could he made at first In very poor yield only. It wae a long time 
before it received consideration for practical application ea an explosive. However, the 
study of eycio trimethylene trlnitroeemine was continued and investigations were made as to 
its behavior in mixtures with other substances (Prof. D. 0. Romer "Report on Explosives, " 
BI08GP 2-HBC 57 ^2). 

Destruction by Chemical Decomposition: 

Cyclotrlmethylene trinltrosanlne Is easily decomposed by icid cr alkali Bnd even tv 
boiling In water. 






88 




Cycl ot riaethylene ftrinltrosaalne 
ltlon, 0*02 ga it. 10 «1 Teet Tube: (b) 
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laaeraed 10 alnutes in bath heated at 5°/ainute j 






Tsap. c C 


(1) 


Melting begins 


105 




Decoapoel tloo begins 


150 




Iltrous gas 


160 


i 


Retire decomposition 


170 


(2) 


Sobs bubbles 


no ! 




Very slow decomposition 


150 1 




Decomposes in 2 alnutes 


coo 




Decomposes in ho seconds 


250 




Iaaedlate decoapoel tloo 


300 



Lo»vt Ini Stability! (b) 

Cycle trine thy Dene Trlnltrosaadne loosely packed In centered wooden boxes for six years at 
ambient tempera tv re and protected froa the sun: 

1. Explosl' e showed no color change. 

2. Melting point decreased froa 101.5° to 10k°C. 

3- Coefficient of "Utilisation Fractious" decreased froa 125*5 to l.?3*5* 

1. An ’bel Test at 110°C gave no color to Iodine starch paper In 15 minutes, 
fusion Testa. Mixtures of Cyclotriae thylene Trlnltrosamine and OTT: 



rlene 


Melting 




Point, C 



55 (Eutectic) I 



Eutectic Conoosltlon With TST: 



hSf Cyclotr Jar thylene Trinitrosamine 



RBte or Detonation, meters/eecond 









AMCP m-177 



ini trosa mine 



clotrisethylene Trinl troeamine With Other Materials: 



1. Iron poa jar 


Slight reaction 


2. Copper powder 


Slight reaction 


3 . Aluminum ponder 


Slight reaction 


4. 2 parts picric add + 1 pert R-Salt 


a. Violent decomposition after 2 hours et 10°C 

b. Violent decomposition after 10 to 15 minutes 
at 100°C 


5. 2 parts nitroglycerin ♦ 1 pert 

R-Salt 


Ho eri dance of daeonpoaltloc after 5 days at 
90°C 



Coni" naaant 


Paper cartridge 


C.odltion 


reared 


Charge Diameter, in. 


1.18 


Rate, meters/eecond 


Density, gm/cc 



References: 

(a) Arthur D. Little, Inc. Progress Report Ho. 106, Fundamental Derelopment of High £ 
alvae, April 1955, Contract Ho. DAI-19-020-501-0RD(P)-33. 

(b) Louis Me'dard and Maurice Du tour, "Etude Des Proprietea De La Cj clotrimethylene 
Trlni troeamine," Vda poudr, 19£b (I 95 U) . 

(c) H. A. Bronner and J. V. R. Kaufman, "Synthesis and Properties of R-Salt," PAIR in 
preparation 1959- 

(d) Also aee the following Pica tinny Arsenal Technical Reports on Cyclotri. nthylene 

Trinitrosamine: U 7 U, 2179- 



l^See footnote 1, puge 10. 













IS 



li.l I W.j.Li . 



83 



% 




Amlut litre to 


21 


ROC 


21 


nrr 


1*0 


Aluelnue 


lb 


C/H Ratio 





Report l.o.fc Mrr, 2 Kg Wt: 

Buwu of Minot Apparatus, cm 35 

Sample Wl 20 mg 

Pieot i nny Artonal Apparatus, in. 13 
Sample Wt, mg it 



McMea fnMm Teel: 

Steel Shoe 
Fiber Shoe 

UHe Me Impo rt Tort: Trials 

% 

Expiations 

BnrtlnU 

KQFTK 2 IS 

Burned 

Unaffected 



Seconds, 0. 1 (no cap used) 

1 

5 Ignites U00 
10 
IS 
20 



7S*C lelt m ot l eaol Meet Tort; 
% Lots In 48 Hrs 



100'C Meet Tort: 

% Lou, 1st 48 Hrs 
% Lon, 2nd 48 Hrs 
Explosion in 100 Hrs 



U MBMaMA laU H , ru 



VeMIRty: 



Oxyyoe Befoece: 

COj % -46 

CO% -26 

Oexil t y: gm/cc Cast 1.68 

** - * I - - tr 

rWi Vr 

* ♦ — >- 1- * er* 

iWfi 

» 

BoiBaf Met; *C 
Reflect! re ledex, nj 
n£ 
n» 

V MJUUM C| a Ll|U w feMi 
KVIM meBlMy B • 

cc/40 Hrs, ot 
90*C 
I00*C 

I20*C 6.15 

I3VC 

150‘C 



200 Orem t iml Seed Tort: 

Sand, gm 58.5 

CrAoMeiiw |m ImillMlanr 
9 rBemlrWy Bv IBW^rtWB. 

Minimum Detonoting Charge, grr 
Mercury Fulminate 

Lead Azide 0.20 

Tetryl 0.10 



BaMMc Matter, % TNT: 


(•) 


146 


Trees! Tort, % TNT: 


Flete Dent Tort: 


(b) 




Method 




B 


Condition 




Ceet 


Confined 




Ho 


Density, gm/cc 




1.76 


Brisonce, % TNT 




102 


Ortee trite Rote: 


(c) 




Confinement 


Hone 


Condition 




Cast 


Charge Diometsr, in. 




1.6 


Density, gm/ee 




1.65 


Rote, mettrs/second 




6600 






















NNMf iMMVTWy ipr 


(•) j 


n Mai 

wjnonwi 


Chet 


Tetryl, gm 


100 


Wax, M. for 50% Detonation 


1-35 


Wax, gm 




Density, gm/cc 


1.76 


Heel eft 


(-0 


Combustion, col/gm 




Explosion, col/gm 


1700 


Gas Volume, cc/gm 




Formation, col/gm 




Fusion, col/gm 




Specific Hoof: col/gm/*^ 


(a) 


-5°C> density 1.75 gn/cc 


0.25 


Bora lag Bela: 




cm/sec 




Thermal Conductivity: 


.1* 


col/sec/cm/'C 


13-2 x 10 


Density 1.75 gn/cc 




Coefficient of fspenelsn: 




Linear. %rC -73°-75°C 


4-5 x 10 


Volume. %/'C 




Hardness. Mebe' Scale: 




Y pang's Modulus: 


(d) 


E', dynes/© m* 


10.4 x 10 10 


E, fc/ineh* 


1.51 x 10° 


Density, gm/ec 


1.72 


Comprewlve Strength: Ib/ineh* ( a) 


3210-3380 


Density 1.78 gn/ec 





Vtfw Nmn; 

*C 



D«iwm»IHii Igootioa: 

Oxygen, otomj/soc 

fz/soc) 

Heat, kilocalorie/moie 
(AH, kcal/mol) 

Temperature Range, °C 

Phase 

Aimer Plate Impact Teet: 

M we Mailer Projectile: 

50% Inert, Velocity, ft/sec 
Aluminum Fineness 

3 qq ^ Gemerel Parpens Bembe: 

Plate Thickness, inches 
1 

1V4 

IVi 

Iml Deep Ten: 

T7, 3000-% Sewi-Armor- P lotti n g Oemk vs Caetati: 

Max Sole Drop, ft 

SOO-fc Ceearel Pur p o se Bomb vs C on cr ete: 

Height, ft 
Triots 
Unaffected 
Lew Order 
High Order 

1000-ib flenorel Parpens Bomb vt Concrete: 

Height, ft 
Trials 
Unaffected 
Low Order 
High Order 



mm Mercury 














OBX (Daptt Boat) Explosive) 



AMCP ’.'06-177 



Taah 



M mi Nl. MT1 Projectile, Ut WC-*1« 
Density, gm/cc 
Chorge W», lb 

tatalN^afPMgawrii: 

For TNT 
For Subject HE 

Stack HI. M43A1 Pra|.ctiia, U I KC-5: 
Derury, gm/cc 
Chorge Wt, lb 



Tctai He. af I 

For TNT 
For Subject HE 



Pmgasel Vaiadry: ft/iac 
At V ft 
At 25)4 ft 

Density, gm/cc 



Blmt IReletfcr* la TNT): 
Air: 

Peak Pressure 
Impulse 
Enor iy 



(«) 

118 

127 

138 



Air, 

Impulu 

Under Water: 
Peok Pressure 

Impulse 

Energy 



136 



Paok Pressure 

Impulse 

Energy 



Shape! Charge (HectNeaaes, TNT = 100: 

Clou Cones Steel Cones 

Hole Volume 
Hole Depth 



Cater: 


Gray 


Pitodpal llaaa: 


Depth charge 


a# LmAbs * 


Oast 


Lsedieg Daaaky: gm/cc 


1.61-1.69 


***.: 




Method 


nr. 


Hozord Closs (Quonti*y-Distonca) 


Claes 9 


Compatibility Group 


Group I 


Exudation 





Preparation: 

DBX can be manufactured by slowly old In.’ 
water-wet REX to molten 7WT melted In a e team- 
jacketed kettle equipped with a stirrer. When 
all the water has evaporated, ammonium nitrate 
Is added and with heating and stirring con- 
tinued, grained aluminum Is added. Ihe mix- 
ture la cooled with stirring continued to 
maintain uniformity and when suitable for pour- 
ing the mixture la cast. ESX can also be made 
by adding 21$ ammonium nitrate and 18$ alumi- 
num to 1*2$ cyclotol or Composition B of JO/50 
Ftix/TTIT content plus 19$ of TNT previously 
melted at about 100°C. 




(b) D. P. MacDougall, ftttoai of Fhyilol Testing, OSRD Report No. 803, H August 1942. 

(c) G. H. Messer ly, flat Rate of Detonation of Various Explosive Compound! , OSRD Report No. 
1219, 22 February 1943. 

M. D. Hurwlt*, The Bate of Detonation of Various Conpounds end Mixture! , OSRD Report 
No. 56H, 15 January l3SE 

(d) Philip C. Keenan and Dorothy Pipes, Tabla of Military High Explosives , Second Revision, 
HAVORD Report NO. 87-46, 26 July 1946. 

(e) L. C. Smith and S. R. Walton, A Conaldaratlon of RKX/wax Mixtures aa a Substitute for 
TOtayl In Booatara , NOD Memo 10,303, l5 June I949. 

(f) Also aee the following Picatlnny Arsenal Technical Reports on DBX: 158? and 1635. 



See footnote l, page 19. 




% 

C 29-6 
H 2.1 
N 26.8 

0 39-5 

C/H Rotio 0.360 



BleBino-2,4,6-Trinltroben*ene ( DA TUB 



Melecttlar Weight: (C^HjNjOg) 



AMCP 706-177 



COj % 
CO % 






Deadly: gm/cc 


Cryetal 


1.83 


Malting Petal: 'C 


(•) 


290 



taped Sinolllrlty, 2 Kg Wt: 

Bureau of Mines Apparatus, cm 
Sampie Wt 20 mg 
Picotinny Arsenal Apparatus, in. 
Sample Wt, mg 


18 

9 


rmnM mwnM i vw • 




Steel Shoe 
Fiber Shoe 




Rifle Ballet Impact Teel: Trials 




% 

Explosions 




Portia Is 
Burned 
Unaffected 




Expleeiee Teasgeretere: C 

Seconds, C. 1 (no cap used) 

1 

5 




10 




15 




20 




7S'C latere eHeael Heat Test: 
% Loss In 48 Hrs 


100'C Neal Teel: 




% Loss, 1st 48 Hrs 


0.00 


% Loss, 2nd 48 Hrs 


0.4 


Explosion in 100 Hrs 


None 


PlamataMMly lodes: 



Hy gr o scopic >y: % 



V«MMy: 



>w mI « | Peiat; *C 



Boding Petal: *C 



MneMn lades, n£ 



Vecaom Stability Taah 

ce/40 Hrs, ot 
90*C 
100‘C 
I20*C 
135*C 
150*C 



200 Gram Bomb Send Test: 

Sand, gm 



S ens W el ly fa laWaHoa: 

Minimum Detonoting Chorge, gm 
Mercury Fulminate 
Lead Azide 
Tetryl 



BeMstic Mortar, % TNT: 



Tread Teet, % TNT: 



Plate Deaf Teet: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 



Peteae l fea Rata: 

Confinement 

Condition 

Charge Diameter, in. 
Density, gm/cc 
Rote, meters/second 



None 

Pressed 

0,5 

1.S5 

7500 




























Charge I Wn (h nm , TNT = 100; 



90 mm HI, M71 Projectile. Lot WC-91: 

Density, gm/cc 
Charge Wt, lb 

Total No. of F ragmen ts: 

For TNT 
For Subject HE 

3 lech HE, M42A1 Projectile. Let KC-S: 

Density, gm/cc 
Charge Wt, lb 

Tetel No. of F ragments : 

For TNT 
For Subject HE 



Fregeiet Velocity, tt/sec 
At 9 ft 
At 25 Vi ft 

Density, gm/cc 



Glass Cones Steel Cones 

Hole Volume 
Hole Depth 



Color: Yellav 



Principal Uses: 





Presoe'i 


Loading Density: gm/cc 


At 50,000 poi 


1.65 



*»- — 



Method Dry 

Hazard Class (Quontity-Distonce) 



Compatibility Group 

Exudotian None 

Cook-Off 'Temperature: °C 320 

Time, minutes 8 

Heat of: 

Explosion, cal/gm 2876 
















y 



3-Diamlno-2, 4. 6 -Tr i ni trobenzene 



AMCP 706-177 



Preparation: 



Fifty grains (50 gm) of dry styphnic acid vae added to 200 gm of anhydrous pyridine vith 
stirring. Hie resultin'’ slurry was stirred for an additional 30 minutes. The yellow product, 
dlpyrldinlum styphnatc, was collected by filtration and washed with approximately 100 milli- 
liters of diethyl ether. Hie product was dried over phosphorus (V) oxide, at room tempera- 
ture, for 5 hours. Yield of 77 gm (9**$), melting point 168° to )T0°C (literature melting 
point 173 C) • 

To 50 milliliters of phosphorus oiy trichloride, 29.8 gm of the dlpyrldinlum styphnate wore 
added iu small portions, with stirring. Hie reaction mixture was then warmed on a steam bath 
for 15 minutes. This solution was quenched in 500 gm of ice water. Ihe light yellow precipi- 
tate was separated by filtration and washed with water until the washing was neutral to lit- 
mus- Yield of 1, 3-dichioro-2, 4, 6 -trinl trobenzene 20.4 gm (9 8 *). MP 130° to 131°C (literature 
MP 128°c). 

A suspension of 3 gm of l»3-dlchloro-2, 4. 6 -trinitrobenzene in 9 milliliters of absolute 
methanol was prepared. Hiis slurry was cooled to 0°C, and dry ammonia was bubbled into the 
stirred suspension. After 20 minutes the reaction mixture was allowed to warm to room tem- 
perature, filtered by suction and washed vj 'h methanol and ether until a negative Bellstein 
test for chloride ion was obtained c*\ the washings. Yield of 1, 3-diamino-2,4, 6 -trinitrobenzene 
3.5 gm (97*), MP 288° to 290°C (literat-ire MP 285°C). 

Origin: 

DATNB, also called 2,4, 6 -trinltro-l, 3 -diasu no-benzol or 2,4,6-trinitro-phenylenediamine- 
(l,3), vas first obtained by Noelting and Collin in 1884 (Ber 17, 260 ) and also by Barr in 
1888 (Ber 21, 1546) from 2,4,6-trinitroresorcin dimethylether Tin contact with ammonlacel 
alcohol for several days. J. J. Blanksma obtained the Bane pro.tuct in 1902 by reacting 
either 2 -chloro- 2 , 4, 6 -trim troenisole or 3 -chloro- 2 , 4 , 6 - trini trophenetol with ansnoniacal 
alcohol (Rec trav chim 21, 324) and from 2,4,6-trinitroresorcin methylethyl ether with ammo- 
nlacal alcohol (Bee trav chim 2£, 56 ( 1908 )). 

Melsenheimer and Patzlg in 1906 prepared DAUTB in the form of yellow needles, MP 28o°C 
team 1,3,5-trinitrobenzene ydroxylamine and sodium methylate in methyl alcohol (Ber 2540). 
The product was slightly eoluble in glacial acetic acid but poorly soluble in other solvents. 

It decomposed into HU and 2,4,6-trlnltroresorcln when boiled with dilute KaOH or K0H (Beil 13 , 

60 ). 3 

Korner and Contardi prepared DATHB by the reaction of either 2, 4-dlchloro-l, 3, 5-trinitro- 
benzene or 2,4-dlbrorao-l,3,5-trinitrobenzene with annoniacal alcohol st room temperature or 
better toy heating to 100°C (Atti R. Accad Lincei ( 5 ), 171, 473 ( 1908 )); (5) 18 I, 101 (1909)). 

A method of preparation by prolonged reaction of N-uitro-H-methyl-2, 3,4,6-tetranitroeniline 
with a saturated ammonia solution was reported in 1913 by van Romburgh and ychoers (Akad 
Amsterdam Versl 22 , 297). 

C- F- Van Iliin obtained DATNB melting at 301°C by reacting a concentrated aqueous ammonia 
solution with N-nitro-H,N,N-trimethyl-2,4,6-trinitrophenylenediamine-(l, 3 ) or with N-nitro- 
N-B-.ethyl-N-phenyl-2,4,6-trinitrophenylenediamine-(l,3) (Rec trav chim _^ 8 , 89 -IOO (1919)). 
later Van IXiin and Van Lenr.ep reacted concentrated aqueous ammonia with 2, 4, 6 - trini tro- 3- 
aminoenisole or 2,4,6-trinitro-3-aminophenetol to obtain BATK3 melting ut 237° to 288 °C (Rec 
trav chim 147-77 (1920)). In 1927 Lorang prepared the same compound by boiling 2,4,6- 
Lri.-ltro-l, 3-bls ( -nltroethyl ureido) benzene with water or by heating it with armor. 1 aca 1 
alcohol ir, a tube at 100°C (Rec trav chim 4^, 649) (Beil E 17, 2 II 33 ). 



CmmMw: 

% 



C 31*. 3 
H 0.9 


If 

0/ 


T° ° r * J 


V 


°*CoT % ,l,n " 

CO % 


-6l 

-15 


K 26.7 




s L no 2 0 2 iH 




Deadly: gm/cc Crystal 


1.63 


0 38.1 






0 


MelMai Peiat: *C 


157 


C/H Rot to 


1.056 






Praadag Peiat: *C 





Molecular Weight: (CgBjH^Oj) 



210 



Impact IseiOMly, 2 Kg Wt: 

Bureau of Minas Apparatus, cm 
Sampla Wt 20 mg 

Picatinny Arsanal Apparatus, in. b; (1 lb wt) 7 
Sampla Wt, mg IS 



: *C 



nS 

n£ 



Tost: 



Steal Shot 
Fiber Shot 



Detonate* 

Detonates 



UfW M ist Impact Toth. 

Explosions 

Portials 

Burned 

Unaffected 



Trials 

% 



Vacuum SlshlBty Test: 

cc/40 Hr*, ot 
90*C 

lOO'C 

120'C 

135*C 

I50'C 



200 Oram Bomb toad Teel: 

jffetflfpcwder fuse 



T-6 



bT.5 

U5.6 



•c 

Seconds, 0. 1 (no cap used) 

I 200 

5 195 

10 l80 

15 
20 



Minimum Detonoting Charge, gm 
Mercury Fulminate 
Lead Azide 
Tetryt 



OaWetk Metier, % TNT: (•) 



Traasl Test. % TNT: 



75‘C la N met f eaa l Hoot Test: 

% Loss in 48 Hrt 



100'C Hoot Test: 

% Lou, 1st 48 Hrs 
% Lou, 2nd 48 Hrs 
Explosion in 100 Hrs 



2.10 

2.20 

None 



Piet* Dent Test: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisance, % TNT 



FlemmeMMty lades: 



: % 30°C, 90% RH 0.04 



Volatility: 50°C, 30 months Unaffected 



Deteaetlea Rate: 

Confinement 

Condition 

Charge Diometer, in. 
Density, gm/cc 
Rote, meters/ second 



0.20 

0.10 



97 



0.9 

4400 



Pressed 

1.5 

6600 



1.6 

6900 



•Until it is established which picramlc acid (melting point l69°C) isomer is involved (Ref: 
Chem Soc, 2C82, August 19^9) • 



1^ 




























AMCP ’ 6-177 






Dlazodlaltrophenol 



90 «a MS, M71 Pra.bct.U, Let WC-91: 

Density, gm/cc 
Chorge Wt, lb 



Tefal Na. of Fragment!: 

For TNT 
For Subject HE 



3 tad. HE. M42A1 Projectile, Let KC-5: 

Density, gm/cc 
Chorge Wt, lb 



klm -*• A 

For TNT 
For Subject HE 



Fragment V ab ri fy: ft/sec 
At 9 ft 
At 25% ft 



Density, gm/cc 



Mam ( Relative te TNT): 



Air: 

Peok Pressure 

Impulse 

Energy 



Under Water: 
Peak Pressure 



Peak Pressure 



3l>eged Charge Effectiveness, TNT = 100: 

dost Cones Steel Cottas 



Hob Volume 
Hob Depth 



Cebr: 



Principal Uses: 



Yellov needles 



Percussion caps 



of 


Pressed 


Leading Density: gm/cc Apparent 
At 3000 psi 


0.27 

1.1k 


ShMfCi 




Method 


Under voter 


Hozord Class (Quantity-Distance) 


Class 9 


Compatibility Group 




Exudation 


None 



SolubilJ tv 



Soluble in nitroglycerin, nitrobenzene, 
aniline, pyridine, concentrated hydrochloric 
acid, and in most common organic aolventa. 



Hea , of: 



Combuatlon, cal/gm 
Explosion, cal/gm 
Gas Volume, cc/gm 



Sensitivity to Electrostatic 

Discharge, Joules: (fc) 0.012 



If 






4 















1 










i 








Dlazodinltroi ;ol 



AM CP 706-177 



♦ 



i 



Solubility: ga/lOO of the following subsU.'.ccs: (c) 

.Solubility at 50°C 



Solvent 

Ethyl acetate 

Methanol 

Ethanol 

Etbylenedi chlor 1 fie 

Carbon tetrachloride 

Chloroform 

Benzene 

Toluene 

Pe trol.t ua ether 
Ethyl ether 
Carbon disulflli 



t 

2.45 

1.25 

2.1*3 

0.79 

trace 

0.11 

0.23 

0.15 

Insoluble (at 20°C) 
0.08 (30°C) 
trace (30°C) 



Preparation; (chemistry of Powder and Explos .yes , Davis) 



(H) 



dia2ctize 

no 2 * 






Ten gm ,f plcramlc acid la svjpendeC In 120 cc of 5$ hydrochloric acid, and under efficient 
1 agitation at about 0°C. 3-6 gm soil x nitrite in 10 cc water is dumped into the suspension. 

Stirring ia continued for 20 minutes, the product filtered off rnd washed thoroughly with ice 
« water. The dark brown product, if i issolved in acetone and precipitated in water, turns bril- 

f llant yellow. 

> Origin: 

t Discovered by Gr*eas in 1858 (Ann&ler, 106, 123 ; 113, 205 (l6o0) and studied extensively by 

, h. V. Clark (ind them 25, 6c y (1935)* Developed for commercial use in 1928. This com- 

pound waa patented in the United States by Professor William M. Dane. 

Destruction by Chemical Decomposition: 

Dlazodlnltrophenol is decomposed _y adding the water-wet ooterial to 100 times its weight 
of 10$ sodi .4 hydroxide. Nitrogen gas is evolved. 

P.cferercac 18 

(a) Killlp C. Keenan and Dorothy ' v l-«a. Table of Military High Explosives. Second Revision, 
NkVORD Report No. 87-46, 26 July 1946. 

(b) F. W. -row.,, D. H. Kusler and F. C. Gibson, Sensitivity of Explosives to Initiation by 



l 



1 



3 



\ 

■I 



I 



TS? 



»e footnote 



i, page 



10 . 
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r 



< 



lene Glycol Di nitrate (BB3N) Liouid 



AMCP 70* 177 



C 24.5 

H 4.1 

H 14.3 

0 5T-1 

C/H Rotio 0.143 



fact SacaMvw,. 2 K| Wt: 

Bureau of Mines Apparatus, cm 100* 
Sample Wt 20 mg 

Picotinny Arsenal Apparatus, in. 9 
Sample Wt, mg 



Molacalar Weight: 


(c u h 6 n 2 o 7 ) 


196 


Oxygon Mtsct: 






CO, % 




-4l 


CO % 




- 8 


Doasity' gm/cc 


Liquid 


1-38 



Making Point: "C 



Friction haMoa Toot: 




Stool Shoo 


Explodes 


Fiber Shoo 




Rifle ■ allot Impact Toot: Trials 




% 


Explosions 




Pa-tiils 




Burned 




Unaffected 




Explosion Tempo rote re: 


’C 


Seconds, 0. 1 (no cap used) 




1 

5 


23T 


10 




IS 




20 




7S*C International Heat Test: 




% Loss in 48 Hrs 




100*C Heat Toot: 




% Loss, 1st 48 Hrs 


4.0 


% Loss, 2nd 48 Hrs 


?.o 


Explosion in 100 Hrs 


None 


Flammability Index: 


Hygrotcepicity: % 



Volatility: Co°C ; n^/cm^/hr 19? 



Fronting Point: *C 


S+iUftf Wit: # C Decomposes 


160 


Refractive Index, n» 
n% 

n» 


1.4498 


Voceum Stability Toot: 

cc/40 Hrs, at 
90‘C 
100'C 
120“C 
135’C 
150°C 


0. 3cc/20 hr/gra 


200 Gram tomb Sand Toot: 

Sand, gm 


42.2 


Sensitivity to Initiation: 

Minimum Detonating Charge, gm 
Mercury Fulminate 
Lead Azide 
Tefry! 


la'listic Mortar, % TNT: 


90 


Trauxl Tost, % TNT: 


T7 


Plato Dent Ta.it: 

Method 
Condition 
Cor : ned 
Den^.ty, gm/cc 
Bnsanct, % TNT 


Detonation Rate: 

Confinement 

Condition 

Charge Diameter, in. 
Density, gm/cc 
Rote, meters/second 


1.38 

6760 























AMCP 706-177 



Methylene Glycol Dinltrete (DEGN) Liauid 



Imh r SmMiiily Test: 

Condition 

Tetryl, gm 

Wax, in. for 50% Detonotion 
Wo*, gm 
Density, gm/cc 



Heal of: 




Combustion, cal/gm 


2792 


Explosion, col/gm 


84l 


Gos Volume, cc/gm 


796 


Formcrion, col/gm 


2020 


Fusion, cal/gm 




Specific Meet: col/ga. C 

. ... 


bumiag Rata: 




cm/sec 




Thermal Conductivity: 




cal/sec/cm/"C 




Co officiant of Expansion : 




Linaor. %/'C 




Volume, %/’C 




Herd nett, M efcs' Seek: 




Yount's Modulus: 




E', dynes/cm 1 ' 




E, lb 'inch 3 




Densih,. gm/cc 




Compressive Strength: lb/mch- 



Decomposition K^estiMi 

Oxygen, otoms/ssc 
(Z/sec) 

Heat, kilocolotie/mole 
UH. kcol/mol) 
temperature Range, °C 

Phase 



Armor Plate Impact Test: 

60 mm Matter Projectile: 

50% Inert, Velocity, ft/set 
Aluminum Fineness 

50t-fe Gen e ral Pa r pee e bombs: 

Plote Thickness, inches 



Vapor Pressure: 

C 



rr m Mercury 

0.00 'y 
0.130 



Bomb Drop Test: 

T7, 2000-lb Seml-Armorr ie relay bomb as Coacrata: 

Max Safe Drop, ft 

JOO-fc General Purpott bomb as Coacrata: 

Height, ft 
Tr,. 

Unofts.red 
Low Order 
High Order 

1000- Ik General Purpose bomb as Coacrata: 

Height h 

Tnols 
Unoffected 
Low Order 
High Order 














p — f 1 1 




k 

AMCP 706-177 



methylene Glycol D1 nitrate (EB3K) Liquid 



* 

$r 



4 



i 



Origin: 

First prepared end studied by Va. H. Rlnkenbech In 1927 (Ind Eng Chen 1£, 925 (192?) end 
Later by Rlnkenbech and H. A. Aaroneon (ind Bog Chen 23, l6o (1931)) both of Plea tinny Arsenal. 
Tsed In propellant compositions by the Geraana durIngWorld War II. 

I nstruction by Chemical Decomposition: 

Twrcw is da composed by adding It slovly to 10 tlaes Its weight of l8£ sodium sulfide 
(B«2S*9HgO). Seat Is liberated by this reaction but this is not haza.< lous If stirring Is 
■alntalned during the addition of IEOH and continued until solution Is complete. 

Rcierences: 19 



.tee the following Pica tinny Arsenal Technical Reports on EGON: 



0 


1 


2 


1 


4 


6 


I 


2 


50 


231 


72 


673 


494 


346 


487 


279 


180 


551 


602 


1443 


1624 


1516 


1427 


579 


620 


1391 


1262 






1616 


1487 


1439 


1490 


1421 


1392 






1786 


1817 




1990 



















I 



T7 



See fool note 



pAge 10, 
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AMCP 706-177 



<* 

c 31-6 

CHC0 2 CH 2 C(N0 2 ) 2 CH 
K l 1 *.? CHC»2CH 2 C{N0 2 ) 2 CH 

o 50.5 

C/H Rotio 


3 

3 


Impact Sensitivity, 2 Kf Wt: 


Bureau of Minas Apparatus, cm 


100+ 


Sample Wt 20 mg 


Pkotinny Arsenal Apparatus, in. 


16 


Sample Wt, mg 


18 


» « -d — m JhIiim T..I 

rlcMiBP laNWINM Ifrti 


Steel Shoe 


Unaffected 


Fiber Shoe 


Unaffected 



Molecular Waif lit: (C Wl2> 



CHW Ballet Impact Tart: 

Explosions 



Unaffected 



Oxygen la la ace; 

CO. % 

CO % 




-59 

-IT 


Density: gm/cc 


Crystal 


1.60 


Matting Paint: *C 


Form I 
Form II 


89 




Praasing Paint: "C 


Bailing Paint: *C 



Refractive Index, n£ 



Ixplaaian Tamparatara: 

Seconds, 0. 1 (no cop used) 
1 

** Smokes 
10 
15 
20 


•c 

250 


7S'C Intamatianal Heat Tart: 




% Loss in 48 Hrs 




100‘C Heat Tart: 




% Loss, 1st 48 Hrs 




% Loss, 2nd 48 Hrs 




Explosion in 100 Hrs 




Flammability lades: 


Hygreeccpicity: % 


Volatility: 



Vacuum Stability Tart: 




ee/40 Hrs, ot 




90‘C 


.... 


>00*C 


0.66 


120°C 


— 


135-C 


0.91 


150‘C 




200 Cram Bomb Sand Tart: 




Sond, gm 




Sensitivity to Initiation: 




Minimum Detonating Charge, gm 




Mercury Fulminate 




Lead Azide 




Tetryl 




Ballistic Mortar, % TNT: 


Trend Tart, % TNT: 


Plata Dent Test: 




Method 




Condition 




Confined 




Density, gm, cc 




Brisonce, % TNT 




DttcdfHM Rote: 




Confinement 




Condition 




Charge Diameter, in. 




Density, gm/cc 


l.<<9 


ate, meters/second 


6050 



■M 

























CP 706-177 Bi.cs, 



f mmmM l w Teat: 

90 him HI, M71 Projectile, Lot WC-91: 

Density, gm/ee 
Chorge Wt, lb 

Total No. of Fragments: 

For TNT 
For Subject HE 

3 inch HI, M42A1 Projectile, Lot KC-5: 

Density, gm/cc 
Charge V/t, lb 

Total No. of Fragments: 

For TNT 
For Subject HE 



Fragment Velocity: ft/sec 
At 9 ft 
At 25 Vi ft 

Denvty, gm/cc 



•lost (Ratotivo to TNT): 
A.r: 

Peak Pressure 

Impulse 

Energy 

Air, Confined: 

Impulse 

Under Wetcr: 

Peak Pressure 

Impulse 

Energy 



Bie(2,2-Dinitroprooyl) Funarete (DNFF 



Shaped Charge Effectiveness, TNT = 


100: 


Gloss Cones Steel 


Cones 


Hole Volume 




Hole Depth 




C •tor: 


White 



Prlaclpel Uses 



MnfknJ mt ■ Jt 

stsgipgg we 


Cast 


Leading Density: gm/cc 


1.50 


SHftfCs 


Method 


Dry 


Hozord Clots (Quantity-Distance) 
Compatibility Grc p 
Exudation 


Hone 



Peak Pressure 

impulse 

Energy 



Heat of: 

Coohuetion, cal/gm 
Detonation, cal/gm 
Vlacoe: l;. , poises: 



i etnp, 'kn . '1 Q C 
IOC . 5 C 

Liquid Densl t.v , 

reisp, 'fc.'fc 

10'.. 5°C 



3070 

(calcula ted) 

7c>7 

(calculated) 



ri'hte I lea It. 1952 b> M. E. Hill of the 
U. :. Hava! Ordnance labors tor , , White Oak, 
Her land. 












Bis(2,2-Dlnltropropyl) Fumnrate (mpF) 



AMCP 706-177 



I 



P-eparation: 


(a, b) 


HC-C0C1 

|| + 2CH,C('!0 2 ) 2 CH 2 0H 

HC-C0C1 


HC-C0 P CH 5 C(N0o)oCHy 
Aid, \ 2 SS J 

HC-C0 2 CH 2 C(N0 2 ) 2 CH 3 


3 . 3 <nol 7- 3 mol 


1.6 mol yield 



fumaryl chloride 2 , 2 -dlnitropropanol aluminum bis(dinitropropyl] fumaraie 

chlori de 

Dinitropropanol vas nixed vlth chloroform (1320 milliliters) and the mixture heated to 
boll’.ng. The distillate vas collected in a water separator. At first the distillate was 
cloudy and this was dried with calcium chloride before being returned to the system. When 
no more water waa collected in the water separator, the mixture was cooled to room tempera- 
ture and the separator removed. Fumaryl chloride was introduced, followed by the aluminum 
chloride which was added in four equal portions. Air vas blown into the flask for a minute 
to effect mixing, ar.d the reaction sustained itself without the addition of heat for one hour. 
Steam was gradually introduced so that the reflux temperature was reached 2-1/2 hours after 
the beginning of the reaction. After 3 hours of reflux, the hot liquid was poured into a 
bucket. As cooling took place the slurry was vigo .sly agitated until it finally set up at 
room temperature. Thi 6 material was broken up and mixed with dilu'e ice cold !IC1. Hie solid 
product was collected on a sintered funnel, washed vlth water and uHh he^uc. The crude 
material was recrystallized from methanol to give a product melting at tS 6 °C (urcorrected) , 
but after storage for several day 6 the melt* ng point was 89°C. 

References: 20 

(e.) M. E. Hill. Preparation and Properties of 2,2-Dinitropropam 1 Esters, NAVORD Report 
Ko. 2b97, 3 duly 1952 . 

(b) D. L- Kouba and H. E. McKeil, Jr., Hercules Report on High Explosives. i...vy Contract 
NOrd-11280, Task A, 26 May 195 k. 



\\ 






Si‘« f out not* 



P‘K*’ 10. 






382 



% 



C 31.4 
H 3-7 


CHgCOgCH^cC K0g) 2® 3 


Oxygen leleeee: 

CO, % 

CO % 




-63 

-21 


H 14.7 


Peailty: gm/cc 


Crystal 


1-51 


0 5u*2 


ch 2 co £ ce 2 c(no 2 ) 2 ck 3 


MeMeg Paint: *C 




86 


C/H Ratio 


0.250 


Fre Rxj*f Peiet: ‘C 







Weight: 



fmp eit S en f t t h ri fy, 1 Kg W»: 
Bureau of Minot Apparot ut. cm 
Sample W» 20 mg 
Picotinny Anenol Apparotui, in. 
Sample Wt, mg 



: *C 



Befrecflr e Index, n° 
•• 



fiwIM rVIHOTB I In! 

Steel Shoe 
Fiber Shoe 

RMIe BeNef Impact Tett: Trlott 

% 

Explot torn 
Port io It 
Burned 
Unaffected 

Bxptoti eri Teeigereteie: 'C 

Seconds, 0.1 (no cap uted) 

1 

5 >400 

10 
IS 
20 



7S’C letera e t leae l Meet Tett: 
% Lou in 48 Hn 



100*C Httof Tett: 

% Lou, lit 48 Mrs 
% Lott, 2nd 48 Hrt 
Explosion in 100 Hrt 



NoeMtebiMy Index: 



l& 



- 


if Pe-Ltitw. 

▼ KlVe •WMMiy 1 881 • 

cc/40 Hr*, ot 

90‘C 

;oo*c o.io 

120*C 

135*C 

150*C 


200 Greet Oeeeb Seed Teef: 

Sand, gm 


- 


SeeiitWIty le Initiation: 

Minimum Detonating Charge, gm 
Mercury Fulminate 
Leod Azide 
Tttryl 


BeHitfic Mortar, % TNT: 


Tmtrxl Test, % TNT: 


Plate Dent Teef: 

Method 
Condition 
Confined 
Density, gm/cc 
Britonce, % TNT 



Confinement 

Condition 



Nypieecoplclty: % 



VetoHHly: 



Charge Diometer, in. 
Dentity, gm/cc 
Rate, metert/tecond 



























AMCP 706-177 



r 

♦ 




Fregnientetien Teat: 

90 am CK, M71 Praj or Hi* . Let WC-91: 

Deraity, gm/cc 
Chorge Wt, lb 

Tail No. af Frey le ft: 

For TNT 
For Sublet HE 

I tach HI, M42A1 Fwjmlh, Lot KC-9: 
Dentity, gm/cc 
Chary* Wt, lb 

For TNT 
For Sutyect HE 

F>«|n* t Vetodty: ft/ioc 
At 9 ft 
At 25ty ft 

Dentity, gm/cc 

Mat ( t tietiii to TNT): 

Air: 

P*ok Pratture 
Impult* 

Enorgy 

Air, Cnft iii; 

Impulte 

Under Water: 

Peok Fracture 

Impulte 

Enorgy 

IMaymai: 

Peok Pratture 

Impulte 

Energy 



tt t fti Charge Dfectlveaeea, TNT = 190: 

doe* Conet Steel Conet 

Hole Volume 
Hole Depth 



Cater. 


White 


Piiadpal Uoaa: 




Oaat 


Leading Deatlty: gm/cc 


Neiage: 




Method 


Dry 


Hoxord Clot* (Quontlty-Dittonce) 




Compotibility Group 




Exudotion 


None 



Origin: 



Syntheeized in 1953 by M. E. Hill of the 
U.S. Havel Ordnance Laboratory, White Oak, 
Maryland. 



Ill 













AMCP 706-177 



Bln(2,2-Dlnltropropyl) Succinate (DffPS) 



Preparation: 

2CH 3 C(K02)2CH2 oh 



,CCC1 



m * r*° 

Cl^U/Cx 



(a) 



A1C1 






jSlgCOOa^CCNOgJgCHj 
C^COOO^CfNOg) gCH 3 



suceinyl aluminum 

dinitropropanol chloride chloride bis( 2 , 2 -dinitropropyl) succinate 



A methylene chloride solution of dinitropropanol (0.02 mol 'n 15 milliliters) was mixed 
with 0.01 mol of succinyl chloride. To this solution 0.003 mol of crushed anhydrous aluminum 
chloride vas added. It was necessary to cool the reaction vessel due to the vigorousness of 
the reaction. After 25 minutes at room temperature the reaction solution wot refluxed l-l/2 
hours. Fine needle-like crystals formed upon cooling and adding hexane. The crystals were 
slurried in dilute hydrochloric acid and on recrystallization from methanol gave a 93 f yield 
of WPS (melting point 85° to 85 . 6 °C). 

References: 2 1, 

(a) M. E. Hill, Synthesis of Hew High Explosives , HAV0RD Report Ho. 2965, 1 April 1 ^ 53 . 



f 






2 »S»., 



f 00 1 note 



P-'K*' 10 . 



Ill' 



1-L,lt,l*-Trlnltrc jutyrste (twptb) 



AMCP 706-177 



firinllti-t 




C 83-6 
B 2.5 
K 19-T 
0 5*-2 
C/H Ratio 


.OCHgC(i1D 2 ) 2 m 3 

''CHgCHgCClIOj) 


Lapeet IsnsMrfey, 2 Kg Wh 

Bureau of Mlnw Apparatus, cm 
Sample Wt 20 mg 
HcotUusy Arsenal Apparatus, in 

..la UJs 

wrfj fnp 


McMsb Vtaduh 


an Tests 


jmi ynom 
Rber Shoe 




MU BeHet hoped Tosh Trials 


Eapiwkms 

ftwtWs 

Burned 

Unaffected 


% 



MeletMsr Weight! (cy^O^) 


355 


Osypee 1 sleets; 




CO, % 


-29 


CO % 


+8.3 


p— I»y: gm/ee Crystal 


t 68 



For* II 



Mtciihi Mb, n£ 

nS 

i& 



VtctMB SteMfty Test: 

cc/40 His, at 
90‘C 

100'C 

120*C 

135*C 

150*C 






Sand, gm 



Second*. 0.1 (no cap used) — 



7»‘C Munrtiml H— « Tost; 

% Law in 4* Hit 



tore Hoot Ta«t 

% Law, 1st 48 His 
% Low; 2nd 48 Hn 
Explosion in 100 His 



Minimum Detonating Chorgs, gm 
Mercury Fuiminats 
Lood Aside 
Tetryl 






■sWsHt Mortar, % TNT 



Tread Tart, % TNT 



Ptrto Dwt Tosh 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce. % TNT 



Confinement 

Condition 

Charge Diometer, in. 
Density, gm/cc 
Rote, meters/second 



V 



























AMCP 706-177 



g. g-PlaltroDropyl- 1 *, It, Trial trobuty^t* (WPTS) 




H mm HC, MJ1 U* WC-tl: 

Dtnotty. gm/cc 
Chars* Wt. «> 

Total Ha, of 
for TNT 
for Sublet HE 

SkHhMK, MOA1 fieietMa, U» KC-St 
D*n*)ty, gm/cc 
Chars* Wr, lb 



for TNT 
for Sublet H€ 



At 9 ft 
At2SH ft 

Oanaity, gm/cc 



ft/MC 



Hm» OUMv* M TNT): 



U nti l Ch arge IWartNaaaw, TNT = fits 

Gian Conn S***l Conn 

Hoi* Vohjm* 

Hola D*pth 



Ci l w i Whit* 




Method of Li 


— 


Caat 


L~dM.»~ 


tty: gm/cc 


1.67 



Dry 



Hazard Clan (Quant tty- Distance) 




Compatibility Group 

Exudation None 



Heat of: ( c) 


Solvent 


Trenaltlon, ce 


1/gm CCli, 


2£ 


I ► III 


6.2 


4-8 


II 9 I 


-16.6 


•22.0 


Heat of Solution, 


30°C: 






AH Solution, cal/gm 


Material 


SSh 


IMF 


Form III 


29.5 


8.1 


Form I 


35.6 


12.8 


Form II 


19.1 


-9.1 


Origin, 






Synthe*l;'ed in 


1952 by M. E. 


Kill of the 



U.S. N*v*l Ordnance laboratory, White Oak, 
Maryland. 



114 





< 

* 

* 



i 

♦ 

* 

» 

» 

» 

> 

♦ 



> 






» 

* 

, 



t 

t 

i. 

i 

* 



t - 

t 



f 

* 

» 



♦ 

» 

f 

1 



X 





g,c-DlPltropropyl- 1 *.l*.l*-X.lnltrobutyrete (mPTB) 



AMCP 706-177 



ftuparation: (•» 7>) 



CH^BOgJgOH + .aogjgCCSgCF^coa Aia 3 

trinitrobutyxyl aluninun 

dinitrapropenol chlorite chloric ' 

ca 3 c(ao 2 ) 2 cH 2 coocE2C(Jio 8 ) 3 ♦ Ha 

dinitropropyl trlnitrobutyrate 

Dlnltroprqpanol, trinitrcjut/ryl chlorite and alualnun chlorite ware slowly Hxrd in car- 
bon to tra chlorite at 60°C. Bda Mixture «a refluxed at 75°C for two houra. After tha reac- 
tion ana collated, thn Mixture jmt coolad and the crystalline product asperated and purified. 
Uttar the dlnltropropano) aaa reserved by azeotropic dlatlllatlon bafern tha add chlorite 
waa added. 9 m purified product bad a Melting point of 95° to 9^°C. 

Crnrtalloaraphlf- Cate; (c) 

three dlatlnct crystallographic modifications of MPT* have been observed. thaaa poly- 
aoepha lava bean characterized by n — it of X-ray diffraction and microscopic observation. 

HOrn X crystallize* from aoluUon In carbon tetrachloride, chloroform, acetone, chlorofora- 
bexaaa, acetone-water, or eathanol-watar at roon tenperature. Prolonged « tending of Fora I 
at roan te ^Mrmture under tha nother liquor pronotaa a transition to Pom IX. Open solidi- 
fication of aolten MPTB, Pom IX la alnaya Observed. 



anaer Bate of ttanafomatlon of Pom n to Pom I (c) 



*X um '- 


Average Rate, 
sq Inch/hour 


! Standard 

j Deviation 


Average Rate, 
m/heur 


15 


0.3U7 


1 0.036 


0.012 


20 


0.k35 


0.025 


0.128 


25 


0.1*52 


0.048 


0.133 


30 


0.1*75 


0.01*9 


0 .11*0 


35 


0.253 


0.037 


O.u.,‘5 



Both Foraa I and III gave very erratic sensitivity values. The high tenperature polymorph, 
Pom XI of XHPTB, gave consistent sensitivity values- 

References: 2 2 

(a) k. E. Hill, Preparation and Properties of 2,2-Dlnltropropcnol Eater* . dAVORD Report 
Ho. 2»*9 7, 3 July 1952; 

(b) V. B. Hevaon, Hercule Report on Klgi. Exploit /es, Havy Contract HOrd- 11260, Task A, 

18 October 195** • 

(c) J. R. Holden and J. Henograd, Phyalcal Pronertlea of an Experlaectal Caatable Explo- 
sive 2.g-Dlnlt . ropropyl g.h.h-Trlnltrobutyrate DHPTB . BAVORD Report Wo. **<*27. li December 1956. 
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'See footnote 1, page 10. 



A2 r*sTw. 




C/H Ratio 0-579 



Bureau ' Mines Apparatus, cm 
Sanvi* Wt 20 mg 
Ptoattomy Arsenal Apparatus, K 
Sample Wt, mg 



Fiictioa taMM Trah 

Stool Shoo 
FiborShoo 

RMo Ball* hoped To* 



Explosions 

PCrtiah 

Bumod 

UnQTTvCTta 



Unaffected 

Unaffected 



Trlols 

% 

0 

0 

0 

100 



txpMoa Teraperatnre: C 

Seconds, 0. 1 (no cop used) 
l 

S Decomposes 310 

10 
15 
20 



71 *C lotoraotioool Meet Test: 

% Lots in 48 Hn 



1M*C Moot Toth 

% Lott. 1st 48 Hr* 
% Loss, 2nd 48 Hrs 
Explosion in 100 Hrs 



Ft* •mobility Index: 



AA- ■ 0 HfefgLi 


(<hWk) 


1.82 


Oxygon Ideew: 




•lllf 


CO- Sb 




CO % 




- 53 


Deadly: gm/cc 




1.521 


MoftMg Feint: *C 




71 


Freexini Mot: ‘C 


loMng Point: *C 


Deconpooes 


300 



Retractive index, 



oS 



Vocaone Stability Tael 



cc/40 Hrs, at 
90*C 

100*C 

I20*C O- 0 * 1 

I35*C 

150*C 

200 Gram Bomb Sand T»- *• 

Sand, gm 19-3 



raVOWWrOTy to igmonga- 

Minimum Detonating Charge, gm 
Mercury Fulminate 

Leod Azide 0-20 

Tetryl 0.25 



BaNotk Mortar, % TNT: ( a ) 71 

Trenzi Teel, % TNT: (b) 6h 



Ptoto Dent Teet: 

Method 
Condition 
Confined 
Density, gm/ec 
Brisonce. % TNT 



D itsnetlin Rote: 

Confinement 



Nygratcopklty: % 25°C, 100$ RH 



0.00 



Condition 

Chorge Diometer, in. 
Density, gm/ce 
Rote, meters/second 



VelotiMy: 















TNT = ItOi 



h« | — NHw Twh 

NmNiMTl N|MHh,UtWt-t1: 
Dentity, gm/cc 
Cnorg*Wt, lb 



— ^ — * 

Gto*t Cone* Steel Cone* 

Hoi* Vol-ar* 

Hot* Dapth 



T#lsl Hi. •( PMfnMMfa 

For TNT 
For Subioct HE 

I lull HI. MOA1 Fwl.rtth, U» KC-S: 

Donotfy, gm/cc 
Charge W», lb 

Total Me. if Frogne***: 

For TNT 
For Sublet HE 



At 9 ft 

A>25%ft 

Dontity, gm/cc 



ft/» 



■HrtOUMt*eHTMY)i 



Colon 


Yellow 


Priadpal O*o»i 


Ingredient of propellant 
powder, dynast te* and 
plaatle oxploalvoa 


Method of Lea* 


ag: Preaood, extruded at oaat 
competition 


liifcl DeaMtyi gm/cc Variable 


IVWIMUU 


Vry 



Hazard Qom tQuaiOyJ H tw ct ) CUm 12 



Ain 

HA ft t m i* 

Impuho 



IMaWotai 

Pooh PraMur* 

ImputM 

Enow 



Per 1 Pr—ur* 



bmgy 



Compatibility Group Group D 

ExudoMon 



65.5°C C Toot; 

Minute* 60t 

Hoot of: 

Coabuetioe, cal/ga (b) 15l»5 

Thor— 1 & AeUtltjri 

col. eec/c*/°C i 

Donolty 1.322 gm/cc 6.26 x 10 
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PrePTStlOQt 



See TET. 

flninhiiityi gu/lOO m of ths following ffibirtgceat 

A 



Ethyl Alcohol 



25 

35 

15 

55 

60 



nitroglycerin 



Utter 



t 


fc 


t 




i 


0.16 


20 


30 


22 


0.027 


0.29 






50 


0.037 


0.19 






100 


0.251 



0.7T 

1.03 




L 3 

ecu 3 

c 6®6 

Toluol 

CHsQH 

C2H5OH (96*) 



65.OT6 

2.131 

60.611 

15.1T0 

5.011 

1.916 



Solvent £ 

"-HeCH (absolute) 3*039 
ithbr (absolute) 9.122 
Acetone 81.9)1 
Ethyl acetate 57*929 
do 2*306 
Pyridine 76*810 



Origin; 

Occurs as 750 of the products obtained on the nitration of toluene, the routining 25* being 
■.-imiy 2,6-WT end other leaner* of OR. Also occurs as an lagmrity in crude TJPT obtained by 
standard nuuitcturlng process. osed In explosive Mixtures at least since 1931* 



'w* 



Brftrencss: 



23 



(•) L. C. Raith and E. 0. Eyster, 

asnslUrltar Tuts; Parforuance Tests, 



leal testing of 
Rsportilo7^^7l6, 



losiveBj Part in - Miscellaneous 



(b) A. H. 
try 19H. 



Decenber 19^5 • 

Blatt, Ccsxilstloc of Pats on Organic Explosives , 03RD Report flu. 2011, 29 Febru- 



(c) Report AC-2661. 

(d) Also see the folio* ng Plcstinny Arsenal Technical Reports on EfiT: 



810 

1830 



1 


2 


l 


1351 


72 


13 


1501 


372 


233 


1651 


922 


3k3 


1781 


1112 


673 


1821 


1672 


1023 


2031 

2221 


I692 


1663 

1713 

2013 



1 


i 


6 


I 


8 


2 


391 


1625 


186 


97 


768 


69 


801 


2125 


1556 


817 


938 


1I9 


ion 


1816 


837 


1538 


219 


1081 




1896 






279 



10?1 

ll61 

132k 

1161 

1521 

1671 

1751 

2091 



779 

1719 



llSss footnote 1, page 10. 
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StMntMr? %!tri so3t HeMnitrete (OPSIN 
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ON^ -Cri 2 - C - CH 2 - CCH 2 0«0 2 



Mlhtofo. Weigh*; 


551* 


PllgH lilim; 




CO, % 


-26 


CO % 


> 3 


•oosKy: gm/cc Crystal 


1.63 



Ci H Rotio 0. l$k 0 *°2 

t f|n > X Kg W»: 

Bunou of Minos Apparatus cm 14 
Somp*e Wt 20 mg 

Picotinny Anonol Apparatus, in. 4 
Sampio Wt, mg 10 



Sleet Shoe 
Fiber Shoo 



Explodes 
dne Treated 



BM> Mht hg«o Tout Trials 
% 

Explosions 

Portiob 

Burned 

Unaffected 


taping TanpOTtoft: 


•c 


Seconds, 0. 1 (no cap toed) 




1 


300 


5 Explodes 


255 


10 




15 




20 




7J*C teSuMtelenoC Meal Tee*: 




% Lots in 48 Hn 




IM'C Nee* Test: 




% Loss, 1st 48 Mrs 


0.11 


% Lott. 2nd 48 Hrs 


0.10 


Expiation in 100 Hrs 


Hone 


NennebSHy lodes: 


»« (V 


0.03 



| Mhg Petal: *C 


KeftatHre Index, n J 




nS 




n» 




Vet— StetlHty Teet: 




ce/40 Hrs, ot 




90*C 




ioo*c 


3-T 


120*C 


11+ 


135*C 




150-C 




Hifiram MMTnl: 




Sond, Qfn 


5T.«* 



Minimum Detonating Charge, gm 




Mercury Fulminate 
Lead Aside 

Tetryi 






BaKtaMc Matter, % TNT: 


(•) 


lk2 


Ttetni Tee*, « TNT: 


00 


126 


Ptefe Deo* Tee*: 






Method 
Condition 
Confined 
Density, gm/ec 
Brisonce, % TWT 






ftninitlin Role: 


(c) 




Confinement 




Copper tube 


Condition 




Preseed 


Charge Diometer, in. 




0.39 


Density, gm/cc 




1.59 


Rate, meters/second 




7kl0 
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tol Hexanitrat* (DPEHH 



N MM HI, M71 9sajaat«o. La* WC-*1: 

Density, gm/cc 
Charge Wt.ib 

For TNT 
For Subject HE 

I Ud> HI, M42A1 KalartHa. la* KC4: 

Density, gm/cc 
Chorga Wt, lb 

Tatal Na. of Fragments: 

For TNT 
For Sublet HE 



ragmaat V et s c it y: ft/sac 
At 9 ft 
At 25V4 ft 

Density, gm/cc 



Meat UMoNae te TMTh 
Ain 

Piok runiM 

Impulse 

Enargy 



Ala, C al ^ af i 



Uadar Water: 

Foot Pressure 



Peak Prauura 

Impuha 

Enargy 



mo. j m a. ■«- -a* V||T ^ 

IITWIlWIMIt 1 n a — 


196: 


Glass Cones Steal Cones 

Hole Volume 
Hole Depth 


Caler. 


White 


Matlpal Uaaat Ingredient of prising 
coapoaltlona 


Method af Leadtag: 


Pressed 


1 ssdiag Psasbyi gm/cc 
At 3000 to 1)000 pal 


1.59 


Stonge: 




Method 


nry 


Hazon* Ctass (Qunntrty-Distonce) 


Claaa 9 


Compatibility Group 




i -udotlon 





tlon: (Chemistry of Foudur and 



2(80-082)^0 Dehydra tj an 

( HO- 083) 3 C- 0 - C( CHg-OH) 3 <T -1 -+ 

(OgllO-CHg) 3C-O-C(C^-0»0g) 3 

Dlpentaerythri tol H‘;u nitrate la procured 
In the pure atati (Melting point 72°C) by 
fractional eryat till ration of crude PETS 
frora aolat acetone. 

Origin; Formed aa an inpurity In the prepa- 
ration of PEIS. Properties flrat described 
by W. Frederick and W. Brfin In 1930 
(Berlchte 6j, 2861 (1930); Z. gee Suhless- 
aprengatolTw 27. 73-6, 125-7, 156-8 (1932)> 

Heat of; 

Coabuatlon, cal/gm 2260 














itoffa , Leipti*, p. 363. 



(b) A. Stattbachar, ggttwi und &ra«B 

( 0 ) T. I» krie, a» Chcalatry of Fmdar and Exploalree, John VI lay and Sona, 
York (19*3) PP- S18-JB5: 

(d) ft. Uvlngaton, Charactarlatlea of 8n>loalvaa HHX and IPBI. f*TR Bo. 1561 
1945 . ' “ - — 



HT 



Inc., Rav 
6 September 



iee footnote 1, page 10. 




AMCP 706-177 



PEE 



Arsenal ( LVD 



C sw M i W ea: 99-5/0-5 RDX/l-W dye* IT. 5 

% 

WT 6T.8 

TVipentaerythrltoi 8.6 

68/32 Vlatac Vo l/ros binders** l*.l 

Cellulose acetate, IH-1 2.0 

*RDX, Class E; 1-MA is 96^ pure 1-aethylaalno- 
anthraqulnone. 

**VIetac Bo 1 la low MW polybutene; EOS la 
dloctarlsebecate. 

C/H Ratio 



yik 

WI. 

Bureou of Mines Apparatus, cm 
Sample Wt 20 mg 

Picotinny Arsenal Apparatus, in. 22 
Sample Wt, mg 19 



Unaffected 

Unaffected 






Steel Shoe 
Fiber Shoe 



Explosions 

ft St— t- 

rDmon 

Burned 



Test) Trials 
% 



Seconds, 0. 1 (no cap used) 
1 

5 Ignites 



7S*C le te mstissel Heat T« 

% Loss in 48 His 



10e C Hast Test . 

% Loss, 1st 48 Hrs 
% Loss. 2nd 48 Hrs 
Expiation in 100 Hrs 



gm/cc Loading 



C 



Ftasrflag Patati 'C 


BeNtog Met: *C 






An 




ftO 




n BB 




Ya.mmt Sleblfcy Test: 




cc/40 Hrs, ot 




90*C 




100-C 




120*C 


0-90 


135*C 




I50*C 








Sand, gm 


UO-5 


fta laHlell , , 
•PUftiTwj ” ntfnftrseft • 




Minimum Detonating Charge, gm 


Mercury Fulminott 




laod Azide 


0.20 


Tetryl 


0.15 


8«»fistF *»-*er, % t AT: 


92 


TiewdTast, \v T*.T: 


Plate Beet Test. 




Method 




Condition 




Confined 




Density, gm/cc 




Brisoncc, % TNT 




Pstcestiea Rote: 




Confinement 


Hone 


Condition 


Hand tamped 


Chorge Diameter, in. 


1.25 


Density, gm/cc 


0.9 


Rote, meters /second **j97; 


or iLLOO ft./eec 



























namlto. Low Yeloci 



Arsenal (LYD) 
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M mm Nt, *471 Pu frt HW. tw WC-tti 

Density, ijm/cc 
Chorga Wt, lb 

TsMl Ms. of FregaMMt: 

For TNT 
For Sutyact HE 

>hM*M.M4?At Prefectfe, Ut KC-S: 
Density, gm/cc 
Chorga Wt, lb 

7m> Ha. si FiggnUi 

For TNT 
For Subtact HE 



Fwmaa* Vatetty: ft/aac 
At* It 
Atasviit 

Density, gm/cc 



Meat ( M at in la TNT): 
Ain 

Mi Pressure 

Impute 

6*W 



IHiittriai, TNT = IQOt 
Gloss Coe** Steal Conaa 



Imputxa 



Peak Pressure 

Impute 

Energy 



Peak Pressu re 

Impute 

Energy 



Hole Volume 
Hole Depth 



burnt Excavation, demolition, 
and cratering 



Matted of LemBegt Ball Packer 


machine loaded 


teodleg Penalty 1 gm/cc 


0.9 


1 TteJaped cartridge l-l/2 w dUa&ter, 8 M long 


Stavege* 




Method 


Bey 


Hozord Clou (Quontity-Distonca) 


Class 9 


Cornpot Witty Group 


Group A 


Exudotion 





Sensitivity to Initiation; 

Stickdry, No. 6 Electric cep Positive 
Stick dry. Carps of Engineers Positive 

Stick wet. Corps of Engineers Positive 

Air Pep Propagation; 

Max distance will, inch 2-1/2 

■in distance will not, inch 3 

Stick Water 1— ersion; 

Weight gain, * 9-1 6 

Heat oft 

lExplcaion, cal/gm 625 

Oas Volume, cc/gn 6ll 

Cold Storage: Plastic to -65°F 

Low Twmerature Use ye: 

-65 D T, 1 day, K?cap 
crimper Satisfactory 













AKCP 706-177 



am— Its, Low Velocity, Picetlnny Arsenel (VfD) 



Properotloo: 

7b data this dynaalte has been prepared on s laboratory scale, the details of which ere 
classified. It has been shewn, however, to be Machine loadable on a Ball packing Machine. 

Origin: 

Kobel invented the original dynaalte In 1866 and gave the naae dynaalte to Mixtures of 
nitroglycerin and kieeelguhr. The strength of a dynaalte war indicated by the percentage 
of A in the Mixture. later oxidants and conbustlblea were substituted for the kleselguhr, 
and MHacniUM nitrate and/or nltroeterch replaced the HG, bringing Into exit ten oe new types 
of dyaaMitea. World bhr H Military operations required special daaolitlon and crate ;ng 
axplo ai vaa Area free the objectionable characteristics of K and aany "dynanlte substitutes” 
wars developed for specific applications. The subject low velocity dynaalte wee developed In 
1996 by Pica tinny Arsenal (Bef a). 



Be f Wrc n ces: 25 





(a) fit. V. Voigt * Dsvcloment if *> flgg g a 

ftrnaaitea, BA Technical Report 237b, March 1^7* 



(b) Also see the following Pic* tinny Arsenal Technical Reports on Qynaaltes: 


0 


1 

ma 


2 


4 


2 1 I 


» 2 


1260 


1381 


782 


864 


1285 1416 507 


848 1819 


1360 


1611 


153!; 


1464 


1436 957 


1826 


1720 








1506 




1760 








2056 





C' 




2S S«e footnote 1, pegs 10. 



■ite, Medlua Velocity, Herculee (ttfV) 
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aw Ho. 10 on it 

Vietanex oil gel* 1 

*60/15/5. aw Ho. 10 weight oil/Vietanex B- 
lCOXC/Wvy D2 wx, 

C/H Ratio 



Expiation* 



Burned 

I i— — — J 

uno-itcin 



Second*, 0.1 (no cap u nee) 
I 
5 



7S*C Itlimdisesl Meet Te*t: 
% Um In M Hn 



IM'C Meat Tee* 



Oxygen Science: 




CO- % 


-51 


CO % 





Bureau of Mines Apparatus, cm 
Sample Wt 20 mg 
Picatinny Arsenol Apparatus, in. 
Semple Wt, mg 


>100 

18 

25 


McNen Sndrien Ted: 




Steel Shoe 


Cmcklee 


FfterShoe 


Unaffected 



B e*** Om/ee Loading 



Met: *C 



f iml*! feint: *C 



nitroglycerin Equivalent, f 60 



Refractive Index, n J 



Vmm* SteMMy Ted: 

cc/40 Hrs, ot 
90*C 
I00*C 
120’C 
135’C 
150*C 



V«l»ll1| : 



Sond, girt 52.6 



m .:.i ^ | »-» »« 

Minimum Detonoting Charge, gm 
Mercury Fulminate 

Leod Axide 0.20 

Tetryl 0-10 



BnBMic Mnrtxr, % TNT: X22 



Trend Ted, % TNT: 



Mete Dent Ted: 

Method 
Condition 
Confined 
Density, gm/cc 
Britt, -ce, % TNT 



I 'dmttit s Rate: 

f cnfinement Done 

Condition MBchlne tamped 

Charge Diometer, in. 1.50 

Density, gm/ec x. x 

Rote, meters/second 6000-6600; or 20,000 ft/sec 





























90 mm tM. M 71 FtojaoMI*, Ut WC- 91 i 



Density, gm/cc 
Charge Wt, lb 



TbM Na. af NifMMit 

For TNT 
For Sublet HE 

» to* M, MOA1 NmM*. Uf KC4: 
Density, gm/cc 
Charge Wt, lb 



For TNT 
For Subject HE 



tVatasfejnft/oac 
At 9 ft 
At 23* ft 

Density, i>n/ce 



•Not HUhtfr* I* TNT): 
At n 

Paok Pressure 
Impute* 

Bwigy 




Uabt WeOer: 

Peak Prsoour* 

Impute* 

Enatfy 




Peak P r ns ure 



Energy 



Shaped Charge WocNwaase, TXT = Ittt 

Glost Conet Steel Conor 

Hoi* Volume 
Hoi* Depth 



C olo n 



Buff 



fiMfo l Iteoo: Excavation, demolition, and 

entering 



Metho d of lnfc| ; Ball Packer machine loaded 



koadteg Diaobyi gm/cc 1.1 

Cartridge 1-1/2” diameter, 8" long 



Method 


Dry 


Hazard Clan (Quontity-Distonce) 


Claes 9 


Compatibility Group 


Group A 


Exudation 





Sensitivity to Initiation: 

Stick dry, No. 6 Electric cap Poaitive 

Stick dry, Corpa of Oiglneera Poaitive 

Stick vet, Corpa of 

Engineera > 50jt Poaitive 

Air Gap Propagation; 

Max dlatanca vill, inch 1 

Min dlatance vlll not, inch 2-1/2 

Quarry Performance: 1* tone rock/ ton 

exploaive 

Stick Water Imneraion: 

(/eight gain, % 25-27 

Heat of: 

'“'li'plosion, cal/gm 935 

Gee Volume, cc/gm 9^5 

Cold Storage: Plaetic to -70°F 



Low 



Temperature Usage: 

■ fc y y;Tg y , ti 



cap 



crimper 



Satisfactory 











AMCPTOtm 



Promt*. Medium Velocity, Hercules fHVTP^ 



Preparation: 

Manufactured on standard dynamite line end packaged on a a»n packing m chine. Detail* of 
handling eaterlel* and technique* of aanufacture are elaaelfled. 

Origin: 

Military forces frequently require exeantiou, demolition, and cratering operations for 
which standard high explosives are unsuitable. Oo— erdal blasting «tpl olives, except black 
powder, are called dynamites although they may contain no nitroglycerin. The subject dynamite 
substitute mss developed In 1992 by the Hercules Powder Ooepany (Ref a). 

R e ference s : 2 6 

(a) V. R. Baldwin, Jr., Blasting Bxploelves (ftrnanlte Substituted Hercules Powder Company 
formal Progress Report, Kt a6tft, 1$ Auguet 1952, Army Oon tract S^SSojk-OHD-UX). 

(b) H. V. Voigt, Development of Low-Velocity Military Exploelvea Saul valent to Hi— *i i lal 

Ibnemltee, a Technical import ko. Msrch 1957- 
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SC Blank Fire 



Ci-ftihlie. 




Nitrocellulose, 13* 25# N 


80 


Berlue mtrate 


8 


Potasalua Hltrate 


8 


Starch 


3 


Dlphenylandne 


0.75 


Aurlne 


0.25 


C/H Ratio 




hnpoct l.asitMty, 2 Kg Wt: 




Bureau of Mines Apparatus, cm 
Sampla Wt 20 mg 
Picotirmy Arsenal Apparatus, in. 


19 


Sampla Wt, mg 


20 


Mctiee Peedehee Tost: 




Steel Shoe 
Fiber Shoe 


Soaps 


Rifle Mat Impact Toot: Trials 




% 




Explosions 
Portia Is 
Burned 
Unaffected 




|M|ea|ea 9 (“ 

0 ^^RIwOlIi 

Seconds, 0.1 (no cop used) 

1 

5 Decomposes 200 




10 




15 







Approximately 503 


Oxygen Reieece » 




CC* % 


+5 


CO % 


-25 


Peasity: gm/ec 



7S'C latsraatliaal Hast Teat: 

% Loss in 48 Mrs 


1.8 


100'C fleet Toot: 




% Loss, 1st 48 Hrs 


2.0 


% Loss, 2nd 48 Hrs 


0.2 


Explosion in 100 Hrs 


Bone 




PlMMnoMlity ImIcx* 


Hytreecepklty: % 30° C) 90$ rh 


6.2 


Volatility: | 

1 



RafiecNve l i f ti, n£ 



- »- »**•- 

■obih mmifj i Mi 

cc/40 Hrs, ot 
90"C 
100*C 
120*C 
I35*C 
150*C 



200 fine liek Seed Teat: 

Send, gri 



SeeaitMty ta laMatiee: 

Minimum Detonating Charge, gm 
Mercury Fulminate 
Lead Azide 
Tetryl 



BaMhtic Matter, % TNT: 



TwexITest. % TNT: 



Mete Daat Teat: 

Method 
Condition 
Confined 
Density, gm.'ee 
Britonce, % TNT 



Confinement 

Condition 

Charge Diameter, in. 
Density, gm/ec 
Rote, meters/second 
























KC Blank Fir* 



AMCP 706-177 



l ^ 




j>«« footnote 1, page 1C. 











-I 
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% 

Halelte (Ethylene Dinltramlne) 



> — W.|.|| 



C/HRot - 



Ift lt lew I MiHi . 2 Kg Wt: 

Bureau of Mines Apparatus, cm 95 
Sample Wt 20 mg 
Picotinny Arsenal Apparatus, in. 
Sample Wt, mg 20 



Denser: gm/cc 



Matting Hfatf: *C 



C 



BeHiag OeUfi “C 



Eutectic 



faldlaO # 

r ftdIW mWRVHi IfW. 




Steel Shoe 


Unaffected 


Fiber Shoe 


Unaffected 


KHte Ida Imped Ted: T ols 




% 


Explosions 


0 


Portia Is 


0 


Burned 


7 


Unaffected 93 


K^Mm Tbi^tImh * 


”C 


Seconds, 0. 1 (no cap used.' 


435 


1 


248 


5 Decomposes 


190 


10 


183 


15 


176 


20 


168 


*CoR?o«ltion Hsleite/lST 


6o/4o. 


fJ‘C Ideiadleael Heal Ted: 




% Loss in 48 Hrs 




100'C Heat Ted: 




% Loss, 1st 48 Hrs 


0.2 


% Loss, 2nd 48 Hrs 


0.1 


Explosion in 100 Hrs 


Hone 


flmnlBli lalse: Will not continue to bum 


Hygretseelsltyi % 


None 



Veteei SteMky Test: 

cc/40 Hr., at 
90’C 
tOO'C 
120”C 
135*C 
150*C 



200 Cr e w Owl load Ted: 

Sand, gm 



» W ] u t( L a. | B |d^l Aat 

^WHWITdy lO 

Minimum Detonating Charge, gm 
Mercury Fulminate 
Leod Azide 

Alterative Initiating char 



Bettdtc Medot, % TmTi ( 8 ) 



tiood Ted, % TMTi (b) 



Plate Beat Ted! 

Method 
Condition 
Confined 
Density, gm/cc 
Brtsonce, % TNT 



Confinement 

Condition 

Charge Diameter, in. 
Density, gm/cc 
Rote, meters/second 

























-'-***• r&jp* e^%-- + 






I- . 



1 



Sdnatol, 55/45 
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TrapaienMea TaNt 




90 amn HE. M71 Projectile, let WC-91: 




Density, gm/cc 1. 56 


1.62 


Charge Wt, lb 2.065 


2.092 


Total Ne. of Frogmeats: 




For TNT 703 


703 


Fa 5 object HE 842 


902 


I tack HE. M43AI Ptejcctih, let KC-S: 




Density, gm/cc 


1.60 


Charge Wt, lb 


0.845 


Total Ne. of Fregeeeote: 




For TNT 


514 


For Subject HE 


536 


Pimgmuet Velocity: ft/iec 


2730 


At 9 It 


At2S^ft 


2430 


Density, gm/cr 


1.62 


Meet (Ktltthrc te TNT): 


(4, e) 


Air: 




Peok Pressure 


108 


Impulse 


110 


Energy 


108 


Air, Ceaftacd: 




Impulse 




Under Water: 




Peak Pressure 


-- 


Impulse 


— 


Energy 


113 






Peak Pressure 
Impulse 




Energy 

Booster Sensitivity Test; 


(8) 


Condition 


Cast 


Tetryl, gm 


100 


Wax, in. for JOjo Detonation 


1.28 


Density, gm/cc 


1.62 



y 






Omv|§ KfftcHvtMM| TNT = 100: gO /50 



Gtott Cones 
Hole Volume 126 

Hole Depth 117 



Steel Cones 
123 
121 



C o l o r 



Yellow 



Projectiles, bombs; special 
aamunition components 






cast 



Leedhg Deeetty: gm/cc 



1.65 



Method Dry 

Hozord Class (^jontity- Distance) Class 9 

Compatibility Group Group I 

Exudation Does not exude st 65°C 



Eutectic flsapersture, C: 
gm Hale ite/ 100 gm TNT 
79.8°C 



79-8 



95>0°C 



0.48 

1.12 



CoatPetlblllty with Sjctals; 

Dry: Brass, aluminum, stainless steel, 
mild steel, mild steel coated with acid- 
proof black paint, and mild steel plated 
with cadmium or nickel are unaffected. Cop- 
per, magnesium, magnesium-aluminum alloy and 
mild steel plated with copper or zinc ere 
slightly sffected. 



Wet: Copper, brass, magnesium, magnesium- 
elumlnum alloy, mild steel, mild steel coeted 
with acid-proof black paint and mild steel 
plated with copper, cadmium, nickel or zir.c 
are heavily attacked. Aluminum la slightly 
affected and stainless steel is unaffected. 



i:il 



1 
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f. 

f 



Ednatol, ‘-5/U5 



Preparation: 

Wet ftleite le added slowly to molton TNT beeted at about 100°C Id a steam Jacketed melting 
kettle equipped with a atlrrer. Heating and stirring are continued until all moisture la 
evaporated. Loading Is done by pouring the mixture cooled to 85°C. 

Origin: 

Mixtures of Haleite (SUM) and TUT, designated Ednatol, were developed at Plcatlnny Arsenal 
Just prior to World War II. 

References; *- 8 

(a) L. C. Saith and E. G. Ryster, Physical Testing of Explosives, Part HI - Miscellaneous 
Sensitivity Testa; Performance Tests , OSRD Report Ho. 5fa6, 27 December I'WI. 

(b) Philip C. Keenan and Dorothy C. Pipes, Table of Military High Explosives , Second Revi- 
sion, HAVORD Report No. 87-46, 26 July 1946. 

(c) D. P. jfccDougall, Methods of Physical Testing , OSRD Report No. 803, 11 August 1942. 

(d) L. C- Smith and S. R. Walton, A Consideration of RDX/Wax Mixtures aa a Substitute for 
Tetryl In Boosters, KOL Meao 10,303, 15 June 1^49. 

^^e) W. R. Tomlinson, Jr., Blast BfTecta of Bomb Explosives . PA Tech Dlv Lecture, 9 April 




(f) Eastern laboratory, du Pont, Investigation of Cavity Effect, Sec III, Variation of 
Cavity Effect with Composition , HERC Contract W-672-ORD-5723- 

(g) Eastern laboratory, du Pont, Investigation of Cavity Effect , Final Report, 18 Septem- 
ber 1943, HERC Contract W-672-ORD-572T 

(h) Also see the following PI catlnny Arsenal Technical Reports on Ednatol: 



1 


6 


7 


8 


2 


1.325 


1796 


1457 


1198 


1279 


L395 




1477 


1388 


1469 


L 885 




1737 


1838 





i 




% 

c 



25.6 

2.6 



MiUwht W«%l»i (Cj^gKgC i l6 ) 


U68 


0»y|«« M«IMi 




CO, % 


-3U 


CO % 


0 





























r 



■I 



f 



k 



ti* 







t 

♦ 



* 

t 

1 

4 

1 



♦ 

« 

i 

fc 

♦ 

♦ 

* 

♦ 

4 

k 

l 



* 

» 

♦ 

♦ 

* 

f 

1 

4 

t 



\ 

* 

» 

♦ 

♦ 

* 

» 

* 

* 



► 



4 

» 

v 



* 

* 



* 



» 

i 



r 

9 



Ethylene Glycol tt-Trlnltrobutyrate (G1WB) 
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Reference!; 2 9 

(a) U. S. Rubber Coopany Progress Report No. I 1 *, Navy Contract NOrd-10129, 1 Tebruary 1951 
to 1 Hay 1951. 

(b) U. S. Naval Ordnance Laboratory, Silver Spring, Maryland, Letter froa Or. 0. B. John- 
son to Coonndlng Officer, Plcatlnny Arsenal, 8 April 1955 (ORISB 471.86/44-3, Registry No. 
2<J8l5)j and NOL Letter free It. D. V. sickaan to Coonandlng Officer, Plcatlnny Arsenal, 

29 November 1955 (ORIBB 471.86/159-1} Serial No. 02894). 



2, S«a footnote 1, page 10. 






< 






135 







Meiecaler Wa'tiMi 


(CgHgN^) 


246 


% 

c 29.3 

H 2.k 0 2 « 


o-m^ 

/V "° 2 


Oainaa lei saw: 

CO, % 

CO % 




as 

• 1 


N 22. T 


r r 


Beastly: gm/cc 


Crystal 


1.72 


0 *5.6 


T 


I'.’J.IL'iU 




265 


C/H Ratio 0.31T 


ho 2 


C2ZOHHMMHHMHR 



, 2 Kg Wt: 



NM 1 ‘C 



Buraou of Mina* Apporotus, em 
Sompie Wt 20 mg 

Picotinny Ananol Apparatus, in. 17 
Sompla Wt, mg 18 


'0: -3 S 


Nklfaa Pin Test: 

Staal She Unaffected 

Fiber Shoa ousurected 


Vacaeat IteUky Ted: 

cc/40 Hrs, at 
90*C 

lOOC 0.2 

120*C 0.4 

I35*C 

150‘C 0.4 


Ride BeMat Impait Teat: Trials 

% 

Explosions 0 

Portia Is 0 

Burned 30 

Unoffected 70 


288 frees !t*»b Seed Test: 

Sand, gm 39-5 


hplaiHa Tamp si. ten: *C 

Seconds, 0. 1 (no cap used) 405 

1 367 

5 Decomposes 318 

10 314 

15 299 

20 295 


• - -t.t-S.-_ . t-Ul^^, 

•HMalBII| IV IMOT^ns 

Minimum Detonating Charge, gm 
Mercury Fulminate 

LeodAxida 0.20 

Tetryl 0.06 


BeMatk Master, % TNT: (a) 99 




Trees! Ted, % TNT: 


«— a at a a_a _ . - 

# aP d* (■sWnMIW^N nVM I 

% Loss in 48 Hit 


Wets Daat Teat: 

Method A 

Condition Pressed 

Confined Tea 

Density, gm/cc 1 . 50 

Brisance. % TNT 91 


1M‘C Heat Test: 

% Itss, 1st48Hn 0.1 

% Lott, 2nd 48 Hrs 0.1 

Expiation in 100 Hrs None 


DdmHM |dit 

Confinement None 

Condition Pressed 

Charge Diometer, in. 1.0 

Density, gm/cc 1.55 

Rote, metert/second 6850 






VeteHUty; 
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M ohb M, Mil Pwjaanb 


a. Let WC-tl: 


Density, gm/cc 


3 


ChorgeWt, lb 


3 


Tdal He. el ftaganala: 


for TNT 




For Subfact H€ 


( 


2 Irak HI. M42A1 Prelate 


Me, LatKC-S: 


OanaMy. gm/cc 


3 


Chorpa Wt, t> 


( 


Tatel Ha. of Fiepmeasa: 




for TNT 


( 


For Subfact HE 


1 



MmMwm, TNT = 19#t 
Gtoti Cones Stoat Cone* 



Hole Volume 
Kola Depth 



Atf ft 
At 25*4 ft 

Density, gm/cc 



MaatOMaMvataTNTh 

Air: 

F«*. Pressure 
Impulse 



Afr.CaaRae* 

I m p g laa 

IMarWriaa 

Peak Pressure 

ti rpu l aa 

bmgf 



Pook Pressure 

Imputes 

Gna^gy 



Calar 


Yallov-arenge 


Madgal Uses: 


AP pi-c.'-ctili* and boeba 



Pressed 



pal x 10 



Method Dry 

Hozoed Ooaa (QuontityOistanca) Claaa 9 

Compatibility Group Group I 

txudotian Bone at 65°C 



Senaitivity to Electrostatic 

Discharge. Joules: (d) 



Confined 

Unconfined 



Booster Senaitivity TWr^t 


(c) 


Condition 


Pressed 


Tetryl, gn 


100 


Uuc, in. for 50> Detonation 1*27 


Density, gm/cc 


1.5* 


Best of: 




CoMjuation, cal/gm 


2690 


Explosion, cal/gn 


800 


Fomatlon, cal/gn 


395 
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< 



Explosive D (Asnonlua PI crate) 



Preparation: 

Explosive D la manufactured by suspending picric add In hot water and neutralizing it vlth 
gaseous or liquid ammonia. As the pi crate is formed, It goes Into solution; on cooling, it 
precipitates. An excess of axmocia leads to foraatlon of the red font of ammonium pi crate. 
This should be molded. The sepsis ted crystals are washed with -old water and dried. 

Effect of Storage on Sand Test Values; 



Minimal 

Detonating 

Charge 



Storage. 


Mercury 

Fulminate 


TV try 1 

TET 


Sand 

Crusted 


Years 





(gm) 


(gm) 


0 






0.06 


23 


3-5 


50 


0.25 




23 


2 * 


Boreal 




0.03 


23 


4 * 


Boreal 




0.04 


23 


2 ** 


50 


0.24 


- 


23 




* After 3-5 years 


at 50°C. 








« After 3.5 years at 50°C and 2 years at magazine temperature. 



Solubility: gm/lOQ gm ii), of: (e) 



Mater Alcohol Ethyl Acetate 



-£ 


i 


fc 


t 


!£ 


i 


20 


i.i 


0 


0.515 


0 


0.290 


100 


75 


10 


0.690 


10 . 


0.300 






30 


1.050 


30 


0.380 






50 


1.890 


50 


0.450 






80 


3-620 


80 


0.560 



Origin; 

First pi spared by Msrchand In l84l and used by Brugere In admixture with potass! \® nitrate 
as a propellant In 1869 . Used aa a high explosive after 1900. 

Destruction by Chemical De composition: 

Explosive D (emswnlum pi crate) la decomposed by dissolving in 30 times its weight of a 
solution made from 1 part of sodium sulfide (BsgS-gHgO) in 6 parts of water. 

Beferenoea: 7° 

(a) L. C. Smith and E. G. Eyster, Ph ysical Testing ^>f Explosives , Part. Ill - Miscellaneous 
Sensitivity Tbits; Parforaanca Tests , OSrft) Report Ho.57 1 ^, 27 Dececber 194$ . 



7°S«e footnote 1, page 10, 
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Glycerol Monolactate trinitrate (GIAN) Liquid 



1 L 

H 3*0 CH 2 -0-C- CH-CH 3 

N 14.1 f-°»°2 

CH - OfiO. 

0 58.8 22 

C/H Rotio 0.180 



hapect Seatftfcily, X l| Wt: 

Bureou of Mines Apparatus, cm 15 (l lb vt) ; 42 
Sample Wt 20 mg 
Picatinny Arsenal Apparatus, in. 

Sample Wt, mg 





(W3°ll) 


899 


Oxygen 8 slants; 

CO, 86 




-30 


CO % 




3 


Density: gm/cc 


Liquid 


1.4? 



C 



C 



feint: *C 



Mctien few .a Tort: 

Steel Shoe 
Fiber Shoe 



Unaffected 

Unaffected 



Explosions 

Portiols 

Burned 

Unaffected 



Test: Trials 

% 



Seconds, 0. 1 (no cap used) 
1 
5 
10 
15 
20 



7S'C In ur e a rt ix el Heat Test: 

% Lass in 48 Hrs 



100*C Heat Test: 

% Loss, 1st 48 Hrs 
% Loss, 2nd 48 Hrs 
Explosion in 100 Hrs 



Mty I nde x : 



P*c*y. Sfc 



60°C, «g/ca 2 /hr 28 



cc/40 Hrs, at 
90'C 
I00*C 
!20*C 
135*C 
150'C 



H0 TwH 

Sand, gm 



SeesMv£y to MMaMeni 

Miniir*m DctunutlnQ ChofQl, Cm 
Mercury Fulminate 
Lead Aside 
Tetryl 



BaHerts Me iter, % THTi 



Tines! Tost, % TNT: 



Hate Dent Test: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisance, % TNT 



Confinement 

Condition 

Charge Diometer, in. 
Density, gm/cc 
Rote, meters/second 



























Glycerol Monolactate Trinitrate I.GLTN) Liquid 
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H mm M, M71 hejartMa. 

Oanaity, gm/oe 
Chotge Wt, lb 

Total Mo. of ft a » o so ls: 

For TNI 
For Subject HE 



Let WC-Oli 



3 lack HI, M4XA1 

Density, gm/cc 
Charge Wt, lb 



Pie l etlMa . Let KC4s 



Tetei No. of Fregater 

For TNT 
ForSubfactHE 



Fra par eat Vetedty: ft/sec 
At 9 ft 
At 25V4 ft 

Density, gm/cc 



Meet (Relative to TNT): 

Air. 

Peok Pressure 

Impulse 

Energy 



Impulse 



Peok Pressure 

Impulsa 

Energy 



Peak Pressure 

Impulse 

Energy 



Shaped Orarge I HsctHeaea s , THT - 100: 

Gloss Cones Steel Cones 

Hole Volume 
Hole Depth 



Cater; 




Pliadpal Uees: Gala tin! ter for nitrocellulose 


Method at Leading: 




Landtag Deaeity: gm/cc 


Method 


Liquid 


Hazard Class (Quontity- Distance) 


dasa 9 


Compatibility Group 
Exudation 





Hydrolysis, j Acid: 

10 daye at 22°C 
!> days at 60°C 

Solubility in Mater, 
gm/lOO gm, at: 

J'5°C 
(JO C 

Solubility, gm/lOO gm, 



Ether 

2:1 Ether: Alcohol 
Acetone 

H eat of: 

Combustion, cal/gm 



< 0.01 

<0.015 
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ycerol Monolactate Trie 



Liquid 



Pr eparation: 

Glycerol monolastate (GML) It prepared by heating a glycerol lactic add mixture containing 
)*£ exceaa lactic acid at 116®C for 112 hours vlth dry air bu'bbllng through the liquid. The 
product vfcich contain* 0.676 free acid is carefully mixed vlth 6 parta of b 0/60 EHOe/BgSOk 
maintained at 20°C, stirred for 1 hour, cooled to 5°C, and poured on Ice. It la extracted 
vlth ether, vater-vashed, adjusted to pH 7 by shaking vlth a sodium bicarbonate solution, and 
again vater-vashed tn.-e times. It is then dried vlth calcium chloride, filtered and freed 
of ether by bubbllcg vi'ii air until min'.nml loas in velght is obtained. The product has a 
nitrate-nitrogen conttut of 13*^3^ (theoretical l4.l£ H). Another batch, prepared from TML 
obtained from glycerol-lactic acid containing 6.516 excess glycerol, had a nitrate-nitrogen 
content of ll*.30j6, corresponding to a mixture containing 5-516 nitroglycerin. It it not con- 
sidered practicable to prepare the pure GLTK. 

Origin; 

The preparation of a nitrated ester of lactic acid and glycerol, by nitrating a glyceryl 
lactate vlth nitric and sulfuric acids, for use in explosives, vas reported in 1931 by Charles 
Stine and Charles Burke (U. S. Patent 1,792,515) • 

The preparation of glycerol monolactate by heating glycerol vlth equimolar proportions of 
a lactic add ester of an alcohol boiling belov 100°C (ethyl lactate) vas patented by Richie 
H. Locke in 1936 (British Patent 1*56,525 end U. S. Patent 2,087,960). 



Reference; 

(a) P. F. Macy and A. A. Saffltz, 
l6l6, 22 July 191*6. 



plosive Plasticizers for Nitrocellulose, rATR Ho. 



i See footnote 1 , page 10. 
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Glycol D1 nitrate (GD«) Liquid 
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Clf l lWM I 

% 



C/H Ratio 0.092 2 



hnpact ii-Wrlty. 3 K* Wt: 

Bureau of Mines Apparatus, cm 1 (x lb vt); 56 
Sample Wt 20 mg 
Picotirmy Arsenal Apparatus, in. 

Sample Wt, mg 



Steel Shoe 
Fiber Shoe 



RMIt Ballet la 

Explosions 



Test: Triols 

% 



Burned 

Unaffected 



Seconds, 0. 1 (nc cap used) 

1 

5 Explodes 257 
10 
15 
20 



75'C laterae U eael Heat Tedi 

% Loss in 48 Mrs 



1«0*C Heat Teat: 

% Loss, 1st 48 Hrs 
% Loss, 2nd 48 Hrs 
Explosion in 100 Hrs 



FleauaeblHty lades: 




Hygreecepicity: % 30°C, 90* RH 


0.00 



Volatility: 



Melecaler Weight: (C^NgOg) 


152 


Osygea Beieace: 




CO, % 


0.0 


CO % 


21 


Dvaeity: gm/cc Liquid, 25°C 


1.18 


»*-Ut fc-l-s. 

cbihs* v 


-20 


Fneelai Paint:. *C 




fcelracthe lades, n£, 




■»£ 


1.11 52 






Vacaaet Stability Test: 




cc/40 Hrs, at 




90’C 




100-C 




120°C 




135*C 




I50*C 




MB Stoat Beast Sand Test: 




Sand, gm 




Seasithrfy te laMetiea: 




Minimum Detonating Charge, gm 




Mercury Fulminate 




Leod Aside 




Tetryi 




laBletit Mortar, % TNT: 


Trees! Test, % TNT: 


Plate Dent Test: 




Method 




Condition 




Confined 




Density, gm/cc 




Brisance, % TNT 




Deteaetlea Rate: 




Canfine>, tent 


Glass tube 


Condition 


Liquid 


Charge Diometer, in. 


10 


Density, gm/cc 


1.185 


Rate, maters/second 7300 and 2050 



[«] 
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Glycol Di nitrate (GEtO Liauid 



90 mu HI, M71 Pr ojectHe . let WC-91: 

Density, gm/cc 
Chorge Wt, lb 

IPeeel N^^— ^^r^r^tes^i^ttB: 

For TNT 

For Subject HE 

1 lech HE, M42A1 Pieloctile, Ur KC-5: 

Comity, gm/cc 
Chorgo Wt, lb 

Total rw« mi ffmpmmmH: 

For TNT 
For Subject HE 



Fregaseet VatodOy: ft/mc 

At 9 ft 
At 2SH ft 

Donoity, gm/cc 



Hoot Clot In to TNT): 
Air: 

Pock Pressure 

Impulse 

Energy 



Air, CeoHoed: 
Impulse 

Uoior Wotar; 

Pook Pressure 

Impuhe 

Energy 



Peak Pressure 

Impulse 

Energy 



Shoped Charge Iffoctfroesss. TNT = 106: 




Glass Cones Steel Cones 


Hole Volume 
Hole Depth 






Yellow 


ta t_,i. -1 ■» 

vooir 


Ingredient of nonfreezing 
dynamite 



Lrsd l e g D oesi t y : gm/cc 



Method 

Hazard Class (Quantity-Distance) 
Compatibility Group 
Exudation 



Solubility In 1000 cc Water; 

7*3 il ° c 
15 
20 
50 

VlBcoelty, ccntlpolges: 

Temp, 20°C 
Vor-.or Pressure: 



C 



Liquid 

dess 9 















L 



col Dinitrate (GDN) Liquid 
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Glycol dinitrate (ethylene glycol dinitrete, dinitroglycol, nitroglycol, dl r.l tro dime thy 1- 
eneglycol) may he prepared by nitration of ethylene glycol, HOCHgCHgOH, with a mixed nitric 
add In the same apparatus that is used for the preparation of nitroglycerin. The glycol is 
prepared by synthesis from ethylene, and ethylene chlorohydrin: 



ch 2 - ch 2 



HOCHgCHjCl 



hoch 2 ch 2 ok 



Origin: 



Henry was the first to prepare and identify glycol dl nitrate (Ber 3, 529 (1870) and Ann 
chim phys [ 4 ]27, 243 (1872) but Xeknld had previously nitrated ethylene and obtained an un- 
stable oil which he supposed to be glycol nitrate-nitrate. No immediate practical use was 
-®de of glycol di nitrate because glycol itself was relatively rare and expensive at the time. 
It was 1904 before a patent was granted covering the use of GIT' as an explosive (DRP 179,789). 



but it was seven years later before its actual use as an explosive was recorded ( Him poudr 16 
(1911) p. 214). the principal physical properties of GEK were determined or recorded by Rinx- 
enbach (Bef b). 

References: 32 

(a) Fh. Naoum, Nitroglycerin and Nitroglycerin Explosives , translation, E. M. Syrnmes, The 
Williams and Wilkins Conpany, Baltimore (1903), p. 224. 

(b) Mb. H. Rinkenbach, "The Properties of Glycol Dinitrate,” Ind Eng Chem 18, 1195 (1926). 

(c) Mb. H. Rinkenbach, "Glycol Dinitrate in rynamita Manufacture," Chem Met Eng, 3U, 296 

(1927). ^ 

(d) Mb. H. Rinkenbach, Application of the Vacuum Stability Test to Nitroglycerin and Nitro- 
glycerin Explosives, PATH lh54, 27 August 1946. ’ 



32See footnote l, page 10. 



I 



Melecul at Weight: 



93 



* 

RDX 45 

itrr so 

Alunlnun 20 

D -8 Wsx 3 

Calcium Chloride, 

added 0.5 

C/H Ratio 


Oxygen Beleace: 

CO, % -66 

CO % -36 


Density: gm/ec Cast 1.74 


Melting Paint: ‘C 


Froesing Paint: ‘C 


It ->eet Issitthity, 2 K| Wt: 

Bureou of Mines Apparatus. cm 
Sample Wt 20 mg 

Picotinny Arsenal Apparatus, in. ( c) 14 
Sample Wt, mg 18 


Bailing Point: *C 


Refracthro Index, n£> 

n£ 

n» 


Steel Shoe Unaffected 

Fiber Shoe — 


Vacaorn Stability Test: 

cc/40 Hrs, ot 

90*C 

100 *C 0A7 

120*C 

135*C 

150*C 


Rifle teller Impact Test: Trials (b) 

% 

Explosions 80 

Psrtiols 

Burned 

Unaffected 20 


200 Grom Bomb Send Test: 

Sand, gm 1*9. 5 


Ixploslon Temperelete: *C (a) 

Seconds, 0.1 (no cep used) — 

1 

5 6l0(oin) (c) 

10 
15 
20 


* t.t tm_. « '•« -« - 

Minimum Detonating Charge, gm 

Mercury Fulminate »-»- 

Lead Aside 0.20 

Tetryl 0. 10 


Ballistic Matter, % TNT: (a) 135 


Trees! Test, % TNT: 


7S*C latem etieeel Meet Test: 

% Loss in 48 Hrs 


Plate Dent Test: 

Method 
Condition 
Confined 
Density, gm/ce 
Brisonee, % TNT 


IW’C Hoot Test: 

% Loss, 1st 48 Hrs 0.78 

% Loss, 2nd 48 Hrs 0.00 

Explosion in ’.00 Hrs None 


Dstenstien Rets: ( tj b) 

Confinement None 

Condition Cast 

Chorge Diomster, in. 1.0 

Density, gm/cc 1.71 

Rote, meters/second 7191 


FtemmcMUty lodes: 


Mygieeeepktey: % 30°C, 95% HH, 7 days 2.01 

71°C, 95% RH, 7 days 1.77 


Volatility: 


























Ooootor leasltlelty Test: 

Condition 
Tetryl, gm 

'Vox, in. fn, 50% Oetonotion 
Wox, gm 
Density, gm/cc 


Heetef: 




Combustion, col/gm 


3972 


Explosion, col/gm 


923 


Gas Volume, cc/gm 


733 


Formation, col/gm 




Fusion, col/gm T 8 °C (to) 


10.25 


Specific Heat: c.„ „m/'C 


(b) 


30°C 


0.269 


50°c 


0.268 


Ouraiag Rate: 




cm/sec 




▼LeeMml f JiTtlnlt,, , 

0 HwiMVI efOHwweflTny * 


(b) .3 


col/sec/cm/'C 35°C 


1.10 x 10 


Coefficient of Expeasiee: 




Linear, &U inch 




0°C 


10 x 107 


35°C 


83 x 107 


T0°C 


131 x 10 


Herdneet. Mobs' Scale: 


Yanng's Modulus: 


(t) 9 


E‘, dynes/cm 2 


9-0 x 10 


E, Ib/inch* 


L-30 x lo 5 


Density, gm/cc 


1-71 


Cempiessiee Strength: Ib/i.tch* 


See beicw 


Vapor Pressure: 




"C mm Mercury 




2 

Compressive Strength: It /inch 


IO 83 


Density, gm/cc 


1.71 


Ultimate def jrmatlori, $ 


1.32 



Oxygen, otomi/iec 
(Z/sec) 

Heat, kilocalorte/mole 
(AH, keol/mol) 
Temperature Range, *C 
Phase 



Aimer Mate Impact Teel: 



CO ami Meitnr Pro t a cti le: 

50% Inert, Velocity, ft/»ec 
Aluminum Fineness 

500-% Gs w srol Purpose tombs: 

Plate Thickneu, inches 



Beak Dreg Teel: 

T7, Z OOO - % teml-An w er Piercing li m b *t CeacieNi 

Max Sofe Drop, ft 

500-% O eaer a l Purpose bomb *t Caecrete: 

Height, ft 
Triols 
Unaffected 
Low Order 
High Order 

1000-% General Purpose l imb n Ce a cr ete: 

Height, ft 
Triols 
Unaffected 
Low Order 
High Order 





ft 
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FragaMateMeaTete: 


(b> 


Shaped Charge IHectiveeeee, TNT = 


100: 


90 bmb HI. M71 Prajartile. Let EGS-i-lT: 


Gloss Cones Steel 


r ones 


Density, gm/cc 




Hole Volume 




Charge Wt, lb 




Hole Depth 




kl - —A l->Aaeaale ■ 

1 IW> W * rw^nMal , 

For Composition B 

For Subject HE 
For 30/20 Tri tonal 


998 

TlU 

6l6 


Ciiif* 


Gray 


Priadpel Uses: 


HE charge 


9 tech HI, M42A1 Pre^ectHe, Let ICC- 5: 








Density, 9«n/cc 
Charge Wt, lb 








Tetel Ke. ef Fragments: 

For TNT 
For Subject HE 




MaHM el Lending: 


Oast 




Leedleg Pearity: gm/cc 


1.T1 


F re gnat Vofcdty: ft/sec 
At 9 ft 
At 25% ft 










Stwcyt* 




Density, gm/cc 




Method 


Dry 


Bleat ( Relative te TNT): 


(a) 


Hazord Class (Quantity -Distance) 


Class 9 


Air: 3-25" diameter sphere 




Compatibility Group 


Group I 


Peak Pressure A pel Catenary 


25.1* 






Impulse RFOC Pendulum 


19.8 


Exudotian 


Hone 


Energy 


— 







Air, MM: 
Impulse 

IMo Water: 

Peak Pressure 

Impulse 

Energy 

Peok Pressure 

Impulse 

Energy 
















» 











fi -6 
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Effect of Altitude, Charge Dlmter and Degree of Confinement on Pet .nation Velocity* 



(Reference e) 



Explosive 


! Simile ted Altitude, 


l One-Inch Column i 




Confined 


Unconfined 


Confined I Unconfined 




Feet 


m/s 


o/s 


| »/# 


j m/s 


; TUT, 


Ground 


6820 | 


6720 


6670 


i 5270 


density, I 

gm/cc 1.59 


30,000 


i 6660 


6930(2) | 

: 


6610 

1 


6760(4) 


1 

• t 


60,000 


6600 




i 6520 


6400(4) 





90,000 


6610 


6720 


6550 


6610 ( 1 ) 


Average 




6798 


6790 


6588 


6260 


B-6, 


Ground 


7190 


7360 


7340 


6870 


density, 

gm/cc 1.69 * 


30,000 


7300(2) 


7430 


7360 


7980 




60,000 


7280 


7490 


7550 


7010 




90,000 


■ 7300(3) 


7270 


7500 


7000 


Average 




7268 

iu.s’.rr.srm 


7385 


7438 


7215 



♦Confined charge in 1/4" eteel tube, AISI 1015 seamless, 1" diameter 18" long, and 2" 
disaster 7" long. All naans were determined from sets of five values unless otherwise 
Indicated by ( ). A 26 ga tetryl booster was used to initiate each charge. 



Average Fragment Velocities at Various Altitudes* (e) 



Explosive 


Charge Diameter, 
Inches 


Simulated Altitude, Feet j 


Ground 30,000 

mj s m/s 


60,000 90 »ooo 

m/s m/s™ 




m 

j density, 

1 gm/ cc 1. 51 


1 

2 


2940 J 2991 

3623 ! 4191 

' 


3119 2868 

5077 4980 


: h-6, 
density, 
gm/cc 1.71 


1 1 1 

1 3461 j 340 5 3467 3563 

2 4603 4726 4996 5288 



♦Outside diameter 2.5V'; inside •‘lameter 2.04"; length 7". 



References; 

See HEX-1; HEX- 3 reference list. 



4 



I 



i 




149 
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Halelte (Ethylene Dlnltrsafne) ( HDKA) 

(in recognition of its development as a military explosive 1 
late Dr. G. C. .ale of Picetin 



C 16.0 H,c N 

, 2 \ 

H 1.0 

N 37-3 

0 12. T H 2 C 

C/H Ratio 0.066 



Impact Sms*’ '•v, 2 Kg Wt: 

Bureou of ines Apparatus, cm 18 
Sample Wt 20 mg 

Picatinny Arsenal Apparatus in 11 
Sample Wt. mg 17 



fri c ti on fesdahaa Teat: 

Steel Shoe 
Fiber Shoe 



Rifle Relict Impact Test: 

Explosions 

Partiols 

Burned 

Unaffected 



Unaffected 

Unaffected 



Seconds, 0. 1 (no cop used) 265 

1 216 
5 Decomposes 189 



75 "C lateraatioa e l Heat Test: 

% Loss in 48 Mrs 



WC licet Test: 

% Loss. 1st 48 Hrs 
% Loss, 2nd 48 Hrs 
Explosion in 100 Hrs 



Flea nobility lades: 



Hygrasteplcity: % 



Volatility: 



Molecular Weight: 


( c 2 H fc' ; L c t) 


150 


Oxygen Balance: 






CO.- % 




-32 


CO «b 




-10-5 


Density: gm/cc 


Crystal 


1.71 


Melting Paint: C 


Decomposes 


175* 


Preexlng Paint: “C 


BeiHng Point: ’C 



Refractive lisdts, 

n» 

n£ 



Vacuum Stability Teat; 

cc/40 Hrs, of 
90*C 
)00“C 
120'C 
135=C 
150*0 



200 Gram Bomb Sand Test: 

Sond, gm 



Sensitivity to In i tiation: 

Minimum Detonating Charge, gm 
Mercury Fulminate 
Lead Azide 
Tetryl 



Ballistic Mortar. % TNT: 


(•) 


139 


Trausi Teat, % TNT: 


CO 


122 


Plata Dent Test: 


(c) 




Method 




A 


Condition 




Pressed 


Confined 




Yes 


Density, gm/cc 




1.50 


Brtsonce, % TNT 




122 



Detonation Rate: 

Confinement 

Condition 

CHorge Diometer, in 
Density, gm.'cc 
Rote, meters/second 



uti confined 
Pressed 
1.0 
1.40 
7570 




















Beestet Sensitivity Test: 


(D 


Condition 


Pressed 


Tetryl, grn 


100 


Wax, in for 50% Detonation 


2.0'f 


Wax, gm 




Density, gm/cc 


1.1*2 


Heat ef: 




Combustion, col/gm 


21*77 


Explosion, cal/fm 


1276 


Gas Volume, cc/gm 


90S 


Formation, cQl/$m 


13 1 * 


Fusion, cal/grr 




Specific Heat: col/gm/‘C 


Burning Kata: 




cm/sec 




Thermal Cendettieity: 




col/sec/crn/*C 




Caefticiant at fix pension: 




Linear, %/*C 




Volume, %/”C 




Hardees, Maks' Scale: 



Young's Modulus: 

E\ dynes/cm a 
E. Ib/inch* 
Density, gm/cc 



Compmsira Sl uagH i: lb/mch J 



Vopar Frssurt: 

’C 



DMOMfMltkn IqueHea: M (e) 

Oxygen, otoms/sec XCT 0 10 W ' i 

(Z/nc) 

Heat, kilocalorie/mole 30.5 37-3 

(AH, kcot/mcl) 

Temperoture Ronge, C C l81*-25l+ 

Phase Liquid Solid 



S 1 * 1 

30.8 

1U4-161 ' 

Solid 



Aimer Nan Impact Teat: 

60 am Mater Projectile: 

50% Inart, Velocity, ft/sac 

Aluminum Firvtness 

$066 General Purpose Bom 6c: 

Plata Thickness, inches 
1 

Ha 

l Vi 

Ha 



leak Drop Teat: 

17, 20066 Semi-Armor Piercing t e ak as 

Max Safe Drop, ft 

500 Ik General Purpose Beak at Case r ata: 

Haight, ft 
Triols 
Unaffected 
Low Order 
High Order 

1000- Ik Genera! Pur p ose Beak as Con crete: 

Height, ft 
Trials 
Unaffected 
Low Order 
High Order 



mm Mercury 
















Sheged Chory* IHtdhwMi, TNT = 100: 



00 mm HB« M71 Pi e ) ect ll e. let WC-01: 
Den**/, gm/cc 1.61 

Charge Wr, lb 

TtNl N*. ef Fregeeeels: 

For TNT 
For Subject HE 



3 tech MB. M4XA1 Pn^ecHte. 

Density, gm/cc 



^y^&lclte/utuc 

I.50 



Charge Wt, lb 



Tetel He. ef 

For TNT 51^ 

For Subject HE 600 



Gian Cones 

Hole Volume 
Hole Depth 






Prl e d g el Uses: 






hspMri V el ertty : ft/soc 
At 0 ft 
At 25^ ft 



le i< h| D eseOy i gm/cc 

5 10 12 

1.28 1.^8 l.Ul 



Steel Cones 



White 



Booster 



Pressed 



pel * 10 3 
15 20 

l.U 1.U9 



Density, gm/cc 



Were H UM *. to TNT): 

A In 

Peak Pressure 
Impuhe 



Method 

Hozord Class (Quontity-Dtstance) 
Compatibility Group 
Exudation 



Dry 

Clnss 9 
None 



Energy 



Air, CesHsed: 
Impulse 



Usder Water: 
Peak "ressure 
Impulse 
Energy 



Peak Pressure 

Impulse 

Energy 













r» ■ — ■ ! 1 

1 




\ 



> 
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Haleite ( Ethylene Dlni tr&i^lne) (EKiA) 






CH, NH. 

I X 

CH 2 KH' 



• CO + 2HN0. 





CH- — NH — NO- 

I 2 2 * co ? 

CM 2 — nh --no 2 

The rev materials used in this process are cheap and available; the first three reactions 
proceed smoothly, rapidly and in good yield (70 $ overall), and only the third requires high 
pressures, Hie reaction of ethylenedlamine with carbon dioxide at about 220°C and 820 atmos- 
pheres has been worked out and is more satisfactory for the preparation of ethyleneurea than 
the use of chlorethyl carbonate or urea and better than the reaction of acetic anhydride and 
ethylenedlamine to yield N,N'-diacetyl-ethylenediamine which can be treated in a way similar 
to the above to yield Haleite. 



Ethyleneurea is very easily nitrated, with strong nitric acid (98$). nt ordinary tf mperature, 
and in a very short time, and the dinitroethyleneurea produced appears .^drolyze, yielding 
Haleite, ismediately after solution in water at 95°C. noth the nitration and hydrolysis are 
practically quantitative. 



Origin; 

Firet described in 1877 by Franchimont and Klotbie (Rec trav chim 7, 17 and 244) but it 
was 1935 before ita value aa an explosive was recognized. Standardized during World War II 
as a military explosive. 

Destruction by Chemical Dec-gpoeltlon: 

Haleite la decomposed by addition to hot, dilute sulfuric acid. Nitrous oxide, acetalde- 
hyde and jthyxene glycol are evolved. Haleite is also decomposed by addition to 5 times ita f -- '" 

weight of 20$ sodium hydroxide. . 

References: 3 3 

(a) L. C. Smith and E. G. Eyster, physical Testing of Explosives, Part III - Miscellaneous 
Sensitivity Testa; Performance Testa, OSRD Report No. 574 b, 27 December 19^5- 

(b) Report AC-2983/Org Ex 179- 

(c) D- P. MacDougall, Methods of Physical Testing , OSRD Report No. 803, 11 August 1942. 

(d) L. C. Smith and S. R. Walton, A Consideration of RDX/Wax Mixtures as a Substitute for 
Tctryl in Boosters , NOL Memo 10,303, 15 June 1949. 

(e) R. J. Finkelstein and G. Gamov, Theory of the Detonation Process, HAV0RD Report !io. 

90-46, 20 April 19^7- 

(f) M. A. Cook and M. Taylor Abbeg, "Isothermal Decomposition of Explosives." University 
of Utah, Ind Eng Chem (June 1956) pp. 1090-1095- 



t 
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footnot* page 10. 



154 



(g) Also 


see the 


folloving Plcatinny Arsenal Technical Reports on 


Haleite: 




0 


1 


2 


1 


u 


2 


6 


7 


8 


2 


1200 


1231 


1162 


m3 


kik 


1255 


786 


897 


1198 


1279 


1290 


1451 


1232 


1493 


1294 


1325 


1796 


1737 


1288 


1319 


1360 

1380 

1400 

1600 


1651 


1252 

1352 

1372 


1923 


1434 


1395 

1885 




1797 

1937 


1378 

1388 

1838 


1379 

1469 

1489 

8179 



i 
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% 

REX to 

TMT 38 

Aluminum IT 

D-2 Wax 5 

Calcium Chloride, 
added 0-3 

C/H Ratio 



l—part S en s itivity, 2 Kg W»: 
Buraou of Mines rVpporotus, cm 
Sample Wt 20 mg 
Picotinny Arsenal Apparatus, in. 
Sample Wt, mg 



mO^nnsot tt gtpmv » 




102 








CO, % 




-68 


CO % 




-35 


Density: gm/cc 


Cast 


1.T2 



IJellaa TmOi 

rimioo sobwwbip i^^ras 

Steel Shoe 
Fiber Shoe 


w 


Unaffected 


Rifle Ballet Impact Tost: 


Trials 

% 


(b) 


Explosions 


73 




Portiois 


— 




Burned 


— 




Unaffected 


28 




tepleslsn Temperate re: 


•c 


(a) 


Seconds, 0 1 (no cop used) 




1 


... 




s 

10 

15 

20 


too 




7S‘C Internath st Tost: 

% Lost in 4# t _ - 




100'C Heat Test: 




(b) 


% Loss, 1st 48 Hrs 




0.058 


% Loss. 2nd 48 Hrs 




0.00 


Explosion in 100 Hrs 




hone 


Flammability Index: 


Mygrascepkity: % 30 °C 


955& RH, 


? days 2.98 


955C RH. 


7 daya 1.13 



Mel t ing Print: *C 



Preaxing Feint: *C 



Ini ling Feint: *C 



Refractive Index, n£ 



Vecaam Stability Tett: 

cc/40 Hrs, ot 
90*C 
100’C 
120'C 
135'C 
I50*C 



200 Stem Bemb Send Teat: 

Sand, gm 



Ssnsitlvlty te Initiatiea: 

Minimum Detonating Charge, gm 
Mercury Fulminate 
Lead Azide 
Tetryl 



R e dht ic Mortar, % TNT: (d) 



Travel Test, % TNT: 



Plate Dent Test: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 



Catenation Rate: 

Confinement 

Condition 

Chorge Diameter, in. 
Density, gm/cc 
Rote, meters/second 














1 
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•fiPf* MMUlrlTy I Hr. 

Condition 
Tetryl, gm 

Wox, in for 50% Detonotion 
Wox, gm 
Density, gm/cc 



Hoot of: 


(b) 


Combustion, cal/gm 


3882 


Explosion, cai/gm 


9iv 


Got Volume, cc/gm 




Formation, col/gm 


758 


Fusion, col/gm T 8 0 C 


9-25 


Specific Heat: col/gm/'C 


(b) 


30 °r 


0.21+9 


S0°C 


0.261+ 


Botniag Rote: 


1 


cm/sec 




Tbonaol Coaducllrlt): 

col/toc/cm/X 35°C 


(b) .3 


0.97 x 10 J 


Coofflcloat of Ixpoasloc: 


(b) 


Lineor, dXAnch 
0°C 


1+6 x 10 '{* 


35 C 


95 x 10 , 


T0°C 


159 x 10* 4 


Haifa on, Mohs' Seek: 


Yoaag's Mode las: 


(b) 


E', dynes /cm’ 


10.3 x 10 9 


E, Ib/inch* 


1 . 1+9 x 10" 5 


Density, gm/cc 


1.69 


Csnptooshrs Streaglb: Ib/inch 1 


See below 



Oxygon, otoms/sec 
(Z/toc) 

Hoot, kiloealorie/mole 
(AH, kca moi) 
Tomporoturo Rongo, ‘C 

Photo 



Atom Mete Impact Toot: 

M oo Mortar Pro^octilo: 

50% Inert, Velocity, ft/sec 
Aluminum Finonott 

*M-fe General Purpoo o Bombs: 

Plote Thicknets, inchot 



Vapor Prana rs: 

*C mm Mercury 

Coopreaalve Strength: lt/lnch^ 
Density, gm/cc 
Ultimate deformation, % 



Bomb Drop Toot: 

T7, M O O - B Semi Anaor-Marciag Bomb n C oa c roto: 

Max Sofo Drop, ft 

SOO-fc General Purpose Bomb *s Coa c rot o : 

Height, ft 
Triolt 
Unoffoctod 
Low Order 
High Order 

lOOt-b General Purpose Bent n Cencroto: 

Height, ft 
T riots 
Unaffected 
Low Order 
High Order 












rlVMVmw 1 • 


(b) 


thopsd Charge Effectiveness, TNT = 


100: 


90 mm HI, M71 Projectile, Let EGS-1-17: 


Gloss Cones Steel Cones 


Density, gm/cc 




Hole Volume 




Charge Wt, lb 




Hole Depth 




Tetel He. ef Fragments: 

For Composition B 
For Subject HE 


998 
oi n 




Gray 


7*v 

616 


Principal Uses: 


HE charge 


For 80/20 Trl tonal 


9 tack HI. M42A1 Projectile. Let KC-S: 


Density, gm/cc 
Charge Wt, lb 








Total Me. ef Fregneti: 

For TNT 
For Subject HE 




ea-na- _ j _* 1 It 

et kVWHf. 


Cast 






Leading Density: gm/cc 


1.69 


Fregmeat Vebslty: ft/tec 
At9ft 










Its reget 




At 2SH ft 


Density, gm/cc 




Method 


Dry 


Meet (Motive te TNT): 


(•) 


Hazard Class (Quontity-Distorve) 


Claaa 9 


Air: 3.25" diameter sphere 




Compatibility Group 


Group I 


Peok Pressure A pal Catenary 


2 U . 7 






Impute KTOC Pendulum 


19.6 


Exudation 


Bone 


Energy 


• *e>« 







Air, CwMi 

Impute 



UrAf Water: 
Peak Pressure 
Impute 
Enprgy 



i Wmwwi i 



Peak Pressure 

Impute 

Energy 
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Compos it ion: 



C/H Rotio 



Impact Sar»*itr»ity, 2 Kg Wt: 
Bureau of Mines Apparatus, cm 
Sample Wt 20 mg 
Picatinny Arsenal Apparatus, in. 
Sample Wt, mg 



Frktiee Pendulum Teel: 

Steel Shoe 

Fiber S' 'e 



title Ballet Impnct Test: Trials 

% 

Explosions 78 

Partials 

Burned 

Unaffected 22 



Iwpl ee t e w Temperature: “C 

Seconds, 0 1 (no cap used) — • 
1 

5 500 

10 
15 
20 



7S C International Heat Test: 

% Loss in 48 Hrs 



10VC Heat Test: 

% Loss, 1st 48 Hrs 
% Loss, 2nd 48 Hrs 
Explosion in 100 Hrs 



Flammability lades: 



Hyg.escepkity: % 30 °C, 9 C A RH. 7 days 
(b) 71°C, 9A RH. 7 days 



Volatility: 



Unaffected 



Molecular Weight: 




64 


Oxygon Balance: 

CO, % 

CO % 




-T5 

-49 


Density: gm/ce 


Coat 


1.84 


Melting Point: C 


Framing Feint: *C 


Boiling Point: *C 


Refractive Index, n£ 
n» 
n£ 


* Veceem Stability Tost: 

cc/40 Hrs, at 
90‘C 
100*C 
120*C 
135*C 
150*C 




(•> 4) 
0.45 


200 Oram Bomb Send Tost: 

Send, gm 




00 

44.9 


O aaeloLilOii ao * — 

Minimum Detonating Charge, gm 
Mercury Fulminoto 
Lead Azide 
Tetryl 


0.20 

0.10 


j Ballistic Mortar, % TNT: 


(a) 


111 


Trees) Test, % TNT: 



Plata Dent Test: 

Method 
Condition 
Confined 
Density, gm/ce 
Brisonce, % TNT 



Deteaetiea tote: 

Confinement 

Condition 

Charge Diameter, in. 
Density, gm/ic 
Rote, meters/second 



(a, b) 
None 
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§«.«». m T ■■■llillli fast, 

Condition 
Totryf, gm 

Wax, in. for 50% Detonation 
Wax, gm 
Density, gm/cc 



Heat of: 

Combustion, col/gm 
Explosion, cal/gm 
Gas Volume, cc/gm 
Formation, cal/gm 
Fusion, cal/gm 


(b) 

1^95 

87? 

491 

9-30 


Specific Hoot: col/gm/'C 


30°C 


0.25 1 * 


50 C C 


0.25b 


laming Iota: 

cm/sec 


THflfwcl Ct#4sctivity: 


0>> -3 

1.70 x 10 i 


cal/sec/cm/*C 35°C 


CaaHlcieat of Expansion: 


(b) 


Linear, A l /inch 


io x io'J; 


0°C 


35°C 


83 x 10' U 


70°C 


130 x 10" 


Horde ess, Mohs' Scale: 


Young's Modulus: 


(b) 


E‘, dynes/cm 3 


11-5 ,c 10 9 


E, Ib/inch 1 


1.67 x 10 5 


Density, gm/cc 


1.81 


Casssprassiva Strength: Ib/inch 3 


Gee below 



V»f» tnwin: 

*C 



mm Mercury 

: t : lb/ir.ch^ 



Oxygen, atoms/sec 
(Z/tec) 

Heat, kilocalorie/mole 
(AH, kcol/mol) 
Temperature Range, *C 

Phase 



Armor Plate Impact Teat: 

40 mm Mortar Prajectila: 

50% Inert, Velocity, ft/sec 
Aluminum Fineness 

500-lb General Purpose Bombs: 

Plate Thickness, inches 



l am b Drop Teat: 

T7, 2000- lb Soml-Armt r Plerclag lamb n ( 

Mox Sate Drop, ft 

5000 Gaaaral Purpose lamb n Carscrota: 

Height, ft 
Trials 
Unaffected 
Low Order 
High Order 

1000- lb General Purpose Bomb *t Co nc ret e : 

Height, ft 
T riots 
Unaffected 
Low Order 
High Order 



i -nroresBive strength: lb 
Derr, . ty, irm/cc 
Uitlne'e deforroatGon, 

















AMCP/Cu-m 



Pit gaunt trite Test: 




*■» aa Mi, M71 PrejectUe, Lot BGS-1-1T 




Density, gm/cc 




Charge Wt, lb 




Tetel Ne. at Fiegtitaft: 




For Ooapoeltion B 


998 


Frr Subject HE 


1*76 


F'” 8o/2C Tri tonal 


6lb 


Stash ME, M43A1 Projectile, Let KC-5: 




Density, gm/cc 




Charge Wt, lb 




Tetol Ne. at Fragmaats: 




For TNT 




For Subject HE 




■isgaisnt Veiedty: ft/sec 




At 9 ft 




At 25 >4 ft 




Density, gm/cc 





ib sped Charge IWnihimi. TNT = )00: 

Glass Cants Steei Conts 

Holt Volume 
Holt Otpth 



Ctltr: 



Principal lists: 



charge 



l.s i Aa g Deeefcy: gm/cc 



Hast (aelathn *» TNT): 

Air: 3*25" 41 are ter sphere 
Peak Pressure A P*1 Catenary 
Impulse HFOC Pendulum 

fntrgy 

Air. C saHat l : 
lng-j|ie 

IMw Water: 

Paok Pressure 

Impulse 

Energy 



Method 

Hozori Class (Quontity-Distonce) 
Compatibility Group 
Exudation 



Dry 

Clast 9 

Group I 
None 



Peak Pressure 
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HBX-1; HBX-3 



The Stability of HBX Compos J tiona Made With and 



aiccents and Containing Added Moisture * 



Haas 



E5HSB3 



100 C Vac Stab Teat 



Hi 



HU 

811 



Standard HBX- 



+2.01 +0.31 



-0.06 -0.29 



+0.09 +0.05 



Standard 3-6 



0.71 


0.017 


0.47 


40 


+2.01 


+1.77 


I 






0.88 


40 






J 






0.63 


40 












0.65 


40 






i 


3s, 0.03 


0.082 


0.1-0 


40 


-0.06 


-0.25 


1 






0.10 


40 






1 






j.25 


40 






\ 






0.23 


40 






< 


> gel 0.05 


0.028 


0.1+3 


40 


+0.09 


+0.06 


1 

i 



All samples were ground to 20/100 mesh size, 7 days before tests. Silica gel used was 
Fisher 'iectific Company , Lot 541492, through 100 mesh U. S. Standard Sieve. 
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HBX explosive mixtures are prepared by melting UiT in a steam- Jacketed melt kettle equipped 
vith a mechanical stirrer. Water-vet :_JX is added slovly with stirring and heating until all 
the water le evaporated. Aluminum is added, and the composition is stirred until uniform. 

D-2 wax and calcium chloride are then added. The desensitizer vex, also known as Composition 
D-2, consists of 64^ paraffin and other waxes, l4f nitrocellulose and 2$ lecithin. B»e mixture 
is cooled from approximately 95° to 100°C to a temperature considered suitable for casting 
(the lowest Practicable pour temperature). HBX can alao be made by adding the calculated 
anount of TNT to Composition B to ootain the desired proportion of RDX/TNT. The appropriate 
weights of the other ingredients are added to complete the mixture. 

Origin: 

Developed during World War II, as relatively insenaitive mixtures, by adding % desensiti- 
zer to Toroex II, for high blast explosive applications. 

References: 34 



(a) 0. E. Sheffield, Blast Properties of Explosives Containing Aluminum or Other Iletal 

Additives, PATR No. 2353> November 1956. 



(b) S- D. Stein, G. J. Horvat end 0. E. Sheffield, Some 
of HBX-1, HBX- 3 and H-6, PATR No. 2431, June 1957. 



erties and Characteristics 



(c) L. C. Smite and S. R. Walton, A Consideration of RSX/Wax Mixtures aa a Subatltutc for 
tryl in Boos ter e, NOL Memo. 10,303, 15 June 19^9- 



(d) S. R. Walton, Re -io--t on the Pro 
Report No. 1502 , 26 JuT^ 1950. 



to Develop an Improved HBX-1 



loalve, NAV0RD 



(e) A. W. O'Brien, Jr., C. W. Plumnsr, R. P. Woodbum and V. Philipchuk, Detonation 
Velocity Determinations and Fragmert Velocity lute rml nations of Varied Explosive Systems 
and Conditions , National Northern Corporation Final Summary Report KNC-F-13, February 1^56 
(ton tract rAl-19-O20-5Ol-ORD-(P)-58) . 

x i) Also see the following Picatinny Arsenal Technical Retorts on HBX Explosives: 1756, 

2138, 2169. 



34Sf«> footnote l, page 10. 



Molecular Weijbt: 



1*7.6 





Cmm i Wm : 

% 



Potassium Perchlorate 


32 


(17 microns) 




Aluminum, atomized 


1*8 


(80 microns) 




RDX (througn 325 mesh) 


16 


Asphaltum (through 100 mean) 


4 


C/H Rotio 




Impact Sonsjthrity. 2 Kg Wt: 




Bureau of Mines Apparatus, cm 


— 


Sample Wt 20 mg 




Picotinny Arsenal Apparatus, in. 


16 


Sample Wt, mg 


2U 



Friction Pondn l smi Tact: 

Stool Shoo Detonates 

Fibor Shoe Unafi'cted 

Rifle Ballot Inspect Toot: Trials 

% 

Explosions 

Partial* 

Burred 

Unaffected 

tspleslsn T smp si s t are: °C 

Seconds, 0.1 v> " 3 used) 

1 

5 520 

10 
IS 
20 



75 ‘C latoraationol Hoot Tost: 

Las* in 46 Hrs 



Oxygea Batooce: 

CO- % 

CO % 






- 1*8 

!•*> 

2.L 



Me Ma g Faiot: °C 



: *C 



Belli xf Point: ‘C 



Refractive Index, n£ 



Vocaam Sta b ility Test: 



cc/40 Hrs, of 

90*C 

I00“C 1.25 



I20°C 

I35*C 

I50”C 



200 Oram Bomb Sand Test: 

Sand, gm 


18.5 


Sensitivity to InrtieCiea; 




Minin,-.. Detorat ng Charge, pm 




Mercury Fulminate 


— 


Lead Azide 


0.80 


Tetryl 


0.25 



Ballistic Motto r, % TNT: 



Traaxl Test, % TNT: 



Plat'. Dent Test: 

Method 



1Q0‘C Heel Test: 




% Loss, ’.st 48 Hrs 


0.15 


% Loss. 2nd 46 Hrs 


0.00 


Explosion in 100 Hrs 


!• one 


FlommablHty Index: 


Hygrascoplclty; % 


None 


VetariU/; 


"' r - e 



Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 

Detonation Rats: 

Confinement 

Condition 

Charge Diameter, in. 
Density, gm/cc 
Rote, meters/second 

















r 



i 



' i * '* 



4 



\ 



i 



i 



i 



* 

» 







HEX-24 
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I 



I 

I 






165 
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t 



Potassium Perchlorate 
(17 microns) 

Aluminum, flaked (l micron) 
RDX (through 325 mesh) 
Aephaltum (through 100 mesh) 



C/ll rOtio 

Impact Se ns itivity, 2 Kg Wt: 

Bureau of Mines Apparatus, cm 
Sample Wt 20 mg 
Picatinny Arsenal Apparatus, in. 
Sample Wt, mg 



Molecular Weight: 

Oxygen Balance: 

CO,. % 

CO % 

Melting Point: °C 
F rueiing Point: °C 
lolling Point: °C 
Refractive Index, 



Friction Pendulum Test: 

Steel Shoe 
Fiber Shoe 

Rifle Ballot Impact Tost: 



Partially detonates 
Unaffected 



Vacuum Stability Tost: 

cc/40 Hr*, at 
90C 
100 ! C 



Explosions 

Portials 

Burned 

Unaffected 

Exploskn Temperature: C 

Seconds, 0 1 (no cop used) 

I 

5 5^5 



75 C lotarnatioaal Hoot Test: 

% Loss in <8 Hr* 

100-C Hoot Tost: 

% Loss, 1st 48 Hr* 

% Loss, 2nd 48 Hr* 
Explosion m 100 Hr* 

Flammability Index: 

Hyg r o scopic Ity: % 



200 Grom lamb Send Tost: 

Sand, gm 

Sensitivity to Initiation: 

Minimum Detonoting Chorge, gm 
Mercury Fulminate 
Lead Azide 
Tetryl 

Ballistic Matter, % TNT: 

Trouxl Test, % TNT: 

Plate Dent Test: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 

Detonation Rate; 

Confinement 

Condition 

Chorge Diometer, in 
Density, gm/ec 
Rote, meters/second 





Fragmentation Teet: 

90 »« HE, M71 Projectile, Lot WC-91: 

Density, gm/cc 
Chorge Wt, lb 

Total No. of Fragments: 

For TNT 
For Subject HE 

3 hck HE, M42A1 Projectile, Lot KC-5: 

Density, gm/cc 
Chorge Wt, lb 

Total No. of Frogmenti: 

For TNT 
For Subf“ t HE 



Fragment Velocity: ft/sec 
At 9 ft 
At 25 V/ ft 

Density, gm/cc 



Blott (Rotative to TNT): 
Air: 

Peak. Pressure 

Impulse 

Energy 

Air, Coe fined: 

Impulse 

Under Water: 

Peok Pressure 

Impulse 

Energy 

Underground: 

Peok Pressure 
Impulse 

Energy 0 

Flame ler;pere - -re , Y 

J:. . k<: 

p£<: i ? r”t:6 < 2 *. i s 

ra • '.* . k 



Shaped Chorge Fffoctivenoo*, TNT =: 100: 

Gloss Cones Steel Cones 

Hole Volume 
Hole Depth 




Principal Uses: HE filler for snail caliber 
projectiles 



Method of Lood ta g 




Loading Density: gm/cc 

Pressed at 20,000 



Method 

Hozord Closs (Quontity-Distonce) 
Compatibility Group 
Exudation 



Static Tests: 

20 mm ggngl Projectile; 
PA Peak Pressure, psl 
HPOC 2C” Blest Cube 
APG 2k" Blast Cute 

Static Tests: 

20 mm M97 Pro.' ectlle: 



>si 


HEX-kn 

17-3 


Tin 

ST 


Tetryl 

Tt~ 


psl 


k 3 


23 


26 


, r.l crosec 


517 


560 


530 


.last Cube 


29 




10 


r.ioi., cel 


’ r'W. 


hll 





Ixploslu:. i cal 
.•as 7c 1 . ,- c 
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HEX-48 



Cook-Off Teats: (c) 



20 BM T215E1 HEX-48 Loaded Projectiles With Lye-Costed RDX Top-Off 



Projectile Ho. 


Cut-Off Das®. °C 


Cook-Off 


; i 


170 


Yes (198) 


i 2 


150 


No 


3 


155 


Yes (190) 


4 


150 to 175 


Ho 



National northern Projectile Load: 




f M0X-2B (no top-off) 195 

I 

! M0X-2B (Tetryl top-off) | 150 

; M0X-2B (97/3, RBX/vax top-off) j 175 

MOX-2 (no top-off) 175 

Fragment Penetration Teste: (c) 




j 

j Projectile FiUer 


1 Avg. No. of Penetrations per 
! Round in Zone &5 U -130° 

1 


Altitude, Feet j 0.020” 


0.040" 0.051" 


j T215EL PHX-48 

1 

\ 

1 

1 

: T282E1 M0X-2B 

EX8 Mod 0 M0X-2B 


Ground 352 

60,000 676 


264 282 

432 388 


Ground 634 
60,000 807 
Ground 476 
60,000 672 


290 235 
367 250 
268 224 
264 256 



The fragment penetration teat records numbers of complete penetrations of aluminum panels 
of various thicknesses at 2.5 feet from the static detonation. The total penetrations recorded 
on the 24ST-3 aluminum panels occurred vith the projectile nose always pointed toward C° and 
the base toward 180°. 

Hie test data indicate that on the thicker panels, O.OuO" and 0.051," the EEX-48 loaded 
T215Z1 projectile produced more coraple e fragment penetrrtions at ground and altitude than 
M0X-2B loaded T282E1 and EX8 Mod 0 projectiles. 



1 



4 



i 
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Hie HEX compositions were prepared by blending the appropriate weight of the dry ingredients 
in a Patterson-Kelly twin-shell blender for at least 30 minutes. 

..n alternate procedure for 100 to 300 gram batches used a "Cradle-Roll" mixing device. 

Tfeis device consisted of a half -barrel type container constructed of wood and lined with an 
electrical conductive material. A plastic roll was allowed to move over the ingredients by 
remote control action of the container. Hie roll action prevented caking of the mix but had 
no adverse effect on the particle site of the ingredients. Hie period of time required to 
obtained a uniform and intimate mixture was approximately fifteen minute*. 

Origin; 

Hie development of "slow-burning" explosive mixtures which would produce increased blast 
effects in enclosed or nearly enclosed spaces directed attention to their use for possible 
military application. In 1950 Picatinny Arsenal developed a high capacity filler for 20mm 
projectiles consisting of 85/10/5 RHX/aluminum/ desensitizer which was more powerful than stan- 
dard tetxyl filler. However, in comparison with M0X type explosives, there was little doubt 
as to th (uperior performance of the M0X mixture. HEX ihigu r-'ergy explosive) mixture a were 
developed at Picatinny Arsenal in 1953 (Ref a) as superior higE b.u. t compositions suitable 
for use in small caliber projectiles. 

References; 3S 

(a) 0. E. Sheffield and E. J. Murray, Development of Explosives — Metallized Explosives — 

High Blast Fillers for Swell Caliber Shell , Picatinny Arsen 1 Memorandum Report Ho. MR-49, 

21 December 1953* 



(b) 0. E. Sheffield, 

1955- 



tures, PATR No. 2205, October 



(c) National Northern Corporation, Dev er from Dr. C. M. SBffer, Jr., to Coemanding 
Officer, Picatinny Arsenal, 12 June 195'i 



5 See footnote t T page 10. 
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Hexariivro-oxst: ; 1 i de 



Composition: 

% 

C 33-0 

K 1.2 

N 21.9 C,S 

0 1*3-9 

C/H Rotio 0.797 



Impoct Sensitivity, 2 Kg Wt: 

Bureau of Mines Apparatus, cm 
Sample Wt 20 mg 

Picatinny Arsenal Apparatus, in 15 
Sample Wt, mg 12 



Molecular Weight: (C ll4 Kj-,i;uC]i 



Friction Pendulum Tost: 

Steel Shoe 
Fiber Shoe 



Rifle Bullet Impact Test: Trial: 

% 

Explosions 

Partials 

Burned 

Unaffected 



Explosion Temperature: X 

Seconds. 0 1 (no cap used) 



Unaffected 

U-affected 



75’C International Heat Test: 

% Loss in 48 Hrs 



100 C Hoot Test: 

% Loss, 1st 48 Hrs 0.07 

Kj Loss, 2nd 48 Hrs 0-0y 

Explosion in 100 Hrs "one 

Flammability Index: 

Hygraecopicity: % £5°C, ')Oi Pi; 0. ) ) 

Volatility: 



Oxygen Balance: 

CO: % 

CO °b 



Density: gm/cc 



Melting Point: C 



Decomposes 



Freezing Point: C 


Boiling Point: ; C 


Rcfroctivi Index, n» 




_ o 

n*s 




n o 

rijo 




Vacuum Stability Tatt: 




cc/40 Hrs, ot 




90 C 




100X 


0.10 


120 C 




135X 




150 C 




200 Grom Bomb Sand Tnst: 




Sand, gm 


52.1 


Sensitivity to Initiation: 




Minimum Detonating Charge, gm 




Mercury Fulminate 


-- 


Lead Azide 


0.30 


Tetryl 


0.25 


Ballistic Mortar, % TNT: 


Trauzl Test, % TNT: 



Plate Dent Text: 

Method 
Condition 
Confined 
Density, gm/cc 
Bnsonce, % TNT 

Detonation Rate: 

Confinement 

Condition 

Charge Diometei, in 
Density, gm/cc 
Rote, meters/second 
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Fragmentation Toot: 

90 mm HE, M71 Frojectik, Lot WC-91: 

Density, gm/cc 
Charge Wt, lb 

Total No. of Frofmentt: 

For TNT 
For Subject HE 

3 inch HE, M«> " Projectile, Lot KC-S: 

Density, g rr '~z 
Choi ;e Wt, b 

Total No. of Fragments: 

For TNT 
For Subject HE 



Fragment Velocity: ft/sec 
At 9 ft 
At 25 Vi ft 

Density, gm/cc 



■lost (Relative to TNT): 
Air: 

Peak Pressure 

Impulse 

Energy 

Air, Confined: 

Impulse 

Under Water: 

Peak Pressure 



Impulse 

Energy 

Underground: 

Peak Pressure 

Impulse 

Energy 



Shaped Charge Effectiveae**, TNT = 100: 

Gloss Cones Steel Cones 

Hole Volume 
Hole Depth 



Color: Almost white 


Principal Uses: Igniter powder; 

compositions 


pyrotechnic 


Method of Loading: Pressed end 


extruded 


Loading Density: gm/cc 


Storage: 




Method 


Dry 


Hazard Class (Quantity-Distance) 


Class 9 


Compatibility Group 




Exudation 


None 



< 
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1 ,6‘-Hexani tro-oxanilide (HNO) 



Solubility la the following substances: 

Solvent 

nitrobenzene 

Vfater 

Alcohol (Ethyl) 

Acetone 
Benzene 
Butyl acetate 
Carbon tetrachloride 
Dlmethylf ormami de 
Ether (Ethyl) 

Acetic Acid 
Nitric Acid 
Crystalline form 

Preparation: 

Do prepare hexanl tro-oxanilide, first prepare tetrani tro-oxani li de as described herein 
under the entry "2,4,2' ,4' -Tetrani tro-oxanilide (TNO)." 

A 1.5 liter round bottom flask is equipped with a stirrer of the type which causes a down- 
ward swirl. Hie flask is jacketed for hot and cold water. 187 grams of nitric acid of speci- 
fic gravity 1.49 (commercial grade) is placed into the flask and 100 grams of sulphuric acid 
is added to the nitric acid under agitation. T-.c mixed acid is cooled to 10°C. 29.2 grams of 

tetrani tro-oxani 11 de is slowly added to the mixed acid under rapid agitation maintaining the 
temperature at 8°-10°C. After the addition of the UK) is completed (approximately 25 minutes) 
the temperature is raised to 85°C over a period of 2 hours and held at 85°-90°C ■for one hour. 
The hexanitro-oxanilide (HNO) "slurry" Is filtered on a luchrer funnel and purified as ex- 
plained under "Tetrani tro-oxanilide. " 

Origin: 



<3 gm in 100 cc, at 23°C ~ 5 gm in 100 cc, at 210°C 
0.10 gm in 100 cc, at 100°C 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Insoluble 
Very soluble 
Insoluble 
Insoluble 
Soluble 

Long rectangular glistening plates from nitrobenzene 



A. G- Perkin in 1892 obtained hexanitro-oxanilide directly by heating to boiling a solution 
of tetrani tro-oxanilide in a mixture of sulfuric and nitric acids. He also prepared the same 
compound from oxanillde by the action of a boiling mixture if fuming nitric and sulfuric acids 
(J Chem Soc 6l, 462 (1892}). 

References : 36 

(a) L. Goven and R. Dwiggens, Case Gun Ignition Studies , HAVOfL Report No. 2321, 13 June 
1952- 

(b) D. Dubrov and J. Kriftal, Substitution of Tetranltro Oxan. llde and Hexanl tro Oxanillde 
for Tetrani t r 0 Carbazole , PA Pyrotechnic Research Laboratory Report 54-TFl-B'j, 2C December 1 9$b. 

(c) S- Livingston, Preparation o. Tetranltro Carbazole PA Cr.eni.c8l Ret-uvci. Laboratcr- 
Report 136,330, U April" 1951- 

(d) S. Livingston, Development of Improved Ignition Type Powders , PAT: No. 2267, July 19 '6. 
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C 16.8 


0JI-N 
2 1 


H 2.T 




S 57-9 


0 2 k-s. 


0 43-2 




C/H Ratio 0.095 





If up tssiOMN. * K| W»: 

Bureau of Mints Apparatus, cm 
Sample W» 2C mg 
Pirotirmy Arsenal Apparatus, in. 
Sample Wt, mg 



Steel Shot 
Fiber Shot 



Explodes 

Unaffected 



Explosions 

Pp-tiot* 

Burned 



tcplr lie* Ti mptit t e w t; *C 

Seconds, 0 ) (no cop used) 300 

I 

5 327 

10 306 

15 
20 



% Loot in 43 Hrc 



M i kwl r W efrltt : (C^HoNoOq) 296 






rgm/cc Crystal 1.90 



r Capillary method 



a fata*: *C 



L<3j 553 






Refractive lades, n» 

l»S 

n» 




Veceem StebOky T«t: 

cc/t0 Hi, at 
90'C 
IOO*C 


0-3 r 


I20*C 


0.1*5 


U5*C 


• <* 


I50*C 


0.62 


200 Steal Beeek Seed Test: 

Sand, gm 


60 . 1 f 



100*C Meet Test: 




% Lass, 1st 48 hrs 


0.05 


% Lacs, 2nd 48 Hrs 


0.03 


Explosion in 100 Hrs 


None 


Keewrabittyl.*.: 



Minimum Odoroiinj Charge, gm 
Mercury ^ulrrinote 
Lead Aside 
Tetryi 



BeMsSic Matter, % TNT: 



Trawl Test, % TNT: 



Ftete Peat Test: 
Method 
Condition 
Confined 
Oetuity, gm/ee 
Brisot.: -, % TNT 



Confimmanf 




Condit ; jn 




Charge Diameter, in. 




Density, gm/cc 


1.6L 


Rote, meters/second 


9121* 



1 
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beto.HHX 






.1 



vonotnon 

Tetryl, ym 

Wax, in. for 90% De'onotlon 
Wax. gm 
Density, gm/ce 



Hoot eh 

Combust ion, col/gm 
Explosion, cul/gm (e) 

Got Volume, cc/gm 
Formation, col/gm (*) 

Fusion, col/gm 


23b.' 

1356 

-60.5 


Sgeslfk Hoot: col/gm/ 'C Rocryotollized (g) 

fc fc 


! -75 0.153 85 


0.288 


0 0.228 90 


0.290 


25 0.2k3 100 


0.295 


50 0.266 125 


0.307 


75 0.282 150 


0.315 



Bant i n g Rate 

cm/sec 



TkmlCwfMthkri 

«l/tec/em/*C 



fa fficlut <f |-fi nlir 

Lineor, %/*C 

Volume. %/*C 



Oxygon, otome/soc 
(Z/mc) 

Hoot, kiloeoiorie/mole 
(AH. keol/mcJ) 
Ttmporoturo Rongo, *C 

Photo 



<joo» Hots lei pact Toofi 



90% Inort, Velocity, ft/ioc 
Aluminum Fineness 

S004b Geeerel P o t pooo loaii; 

Plato Thickness, inches 



look Onf> Tab: 

T7, 20004k i o s l A rmor Pl o nl o g loak n C o oc io t o: 

Max Soto Drop, ft 

9004k fi n an ce! P e tpoos loaf os Concr et e 



Hcidcrsw, Mohs' Stole; (•) 


2.3 


Yoaog's Modohts: 




E', dynas/cm' 




E, Ih/inct/ 




Density, gm/ce 




Ccotptuofee Strength: Ib/inch* 


Vapor Presence: 




*C mm Mercury 





Height, tr 
Triols 
Unaffected 
Low Order 
High Order 

Vww4k iammt Purpose Botnfc vs Concrete: 

Height, ft 
Trioi* 

UnoffeiW' 

Lo>» Order 
High Ordor 

















Tvo men ore required to regulate the addition of reagent* and control the temperature dur- 
ing the Initial atage addition; one nrn can complete the procedure. A 1-11 ter 5-necked flask 
la used, the center neck for an efficient stirrer, one side neck for a thernoawter, and the 
other necks for hurrettes and a gas outlet (to meter trap), lhe flask Is placed In a pan with 
steam and cold inter Inlets, far temperature control. 

Five cc of acetic anhydride and 250 cc glacial acetic add are poured into the flask and 
the temperature brought to 45 ♦ l°C, and held there for the duration of the entire reaction. 
The reagents (a solution of 33-6 go hexemine in 55 gm of glacial acetic add, 100 cc of ace- 
tic anhydride ard 1*0 cc of a solution of 1*2. 3/57* 7-a*amlua dtrate/96jl nitric add) are then 
added simultaneously, continuously and equivalently over a 25 -minute period. The reaction 
mixture la aged 15 minutes. 

The second stage reagents (60 cc of 1*2.3/57*7, asmonium dtrate/g6^ nitric add and 150 cc 
acetic anhydride) are then added simultaneously, continuously and equivalently over a 25-mln- 
ute period. The mixture la aged 65 minutes, poured into 1.5 liter of meter and eimnered on a 
ctasm hath for 12 hours. Cool, filter and dry the KCK-BMX precipitate (yield 730 HMX). 

The KDX la destroyed, leaving HMX, as follows; 1025 gm cf the crude product are placed in 
a solution of 15 gm sodium tetraborate decahydrate in 5 liters of mater, heated to boiling 
with agitation, and 5 H Be CH added at the rata of 3 ee/sdn. When about 730 cc have been added 
the pa Increases sharply from a little over 6.7 tc over 9-7 which corresponds to casplete 
destruction of the MSil Filter tho HMX frem the hot mixture; yield 612 gm, 279*5°-260.5°C. 
RecrystaUlzatloh from nitrons thane yields material malting at 26l°-262°C. 

Origin; 

Was discovered as an impurity (by-product) in the nitration o.' hexane thj lens- tetrweln* to 
form REX. It is now manufactured directly by' the procase described above and has valuable use 
In exyioi >-ve systems. 



Removal of RCTC from p3C- OT1 X Mixtures and Reco 
suitable for use vlth mixtu-es containing 



of a RDX-HMX Mixture (This procedure appears 
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bcta-HHX 



Procedure 



500 great of KW" containing 12.2 5$ RISC ere placed In a 1500 cc beaker, 500 cc of acetone 
la added and the elurry la agitated for leverel alnutee at room temperature. Before complete 
settling , the "DX-HKX-acetono ablution is decanted. 

To the residual HKX-RDX, another 530 cc of acetone Is added, lhe slurry is heated on the 
steaabath and vhlle lolling, agitated for several minutes. The boiling HDX-HMX-acotone solu- 
tion is decanted. The residual HMX is nov washed with cold acetone into a funnel. This HMX 
Is now taken up In 95 $ alcohol, filtered and dried. Yield 353-9 gm or TO. 7 8$. 

All the acetone extracts are combined and evaporated to dryneae. Yield 137. 5 gm or 26.5$. 
Yield Balance: 



Pure OK obtained - 353*9 go 70.T8 $ 

Total RHX-HMX mixture recovered - 
137-5 ?■ 26-5051 

Sables taken during process - 

2. A gm 0.A8$ 

Loss during process 2.2A$ 



Total 100.00$ 

Various saaplea were analysed for HXD content: 

1. Crude BCC 12.25$ RUX 

2. After first acetone washing 6.0$ RET 

3. After second acetone washing 2.0$ RU< 

A. After third acetone washing O.Oi FT. 

RaX-BCX sample recoverea 5^*5$ HDX 



R eparation of * ine Particle-site HMX by the Aspire tor ;^et.hod; 

1. Misdre 1100 gm KMX in AAOO e ft of dimethyl sulfoxide. 

2. Filter the HMX solution. 

3- Oonuact a clean aspirator to the water 11ns. 

A. Place ;i 55 gallon clean drum under the aspirator. 

5. Fasten a polyethylene tubing, long enough to reach easily to the bottom of the BMX- 
dimethyl sulfoxide erntriner, to the side Intake of v^e aspirator. 

6 . Fasten to the bottom of the aspirator another poiyethy.' ene tube long enough to reach 
to the bottom of the 55 gallon drum. 

7. Open the water faucet and then place the polyethylene tube in the HMX container. 

3. Ufcite silky fine HMX separates out in the drum. Total duration of run Is approximately 
7 minutes. 

9* After all the HMX solution Is sucked cut of the container, the • .ter is turned off. 

10. The material it filtered and water washed. 

11. If dry HMX Is required, the material > n be alcohol and ether washed. 

A more efficient method no recover the RDX-BMX mixture: 



1. Filter the combined hot acetone extracts. 

2. Pour while agitating the filtered extracts into at least A timet its volume of water. 
3* Filter and dry, etc. 
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Ocilor: 

Whit* 

Stw mti 

Method 

ttuwt dear (QuanV ty-Qlatance) 
Ca^>atiblllty Group 

Exudation 



x*y 

CU ee 9 

Group L (dry) 
Group M (vet) 

Hoorn 



References : 37 

(i ) 0. K. Sheffield, K. J. Moray, A. L. Roero end B. V. Khnouae, Properties of ag . PA 
OMKlrel R e s earch Laboratory Report Bo. 52- 1*1-23, 7 April 1952. 

(b) W. B. BeeLaenn, The Preparation of ag, OSRD Report So. 1961, 3 November 1943. 

(e) 0. LlTingitcc, Characteristics at jjflggRw Bg ind IHBH, PAH? Kb. 1561, 6 Septeeber 

1945. 

(d) R. J. rinkeletel-i end 0. Oasirrv, theory of the Detonation Process, HAV0RD Report Ho. 
90-46, 20 April 1947. 

(e) 0. H. Johneoo, HC ee e MUltegy Explosive, KAV0KD Deport Ho. 4371, 1 October 1956. 

(f) Alao eee the following Pi oa tinny Arsenal technical Raporta on BO: 

i i i 1 1 

1T41 2183 2016 1737 1709 

2059 

(g) C. Ienv&itx, W. Batch end R. Veliciy, tothelay Changes, Heat of Fusion end Specific 
Heat of Beale Explosives, FAIR Ho. 2504, January 1959. 



37 $ee footnote 1 , page 10. 
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FtogoMotarteo Tarts 

HmHL M71 PietasHh, Lot WC-91: 

Density, gm/cc 
Chorga Wt, lb 

ll* —* | MaMA4 J B , 
ivm iwi v* 

Fbr"INT 
For Su }{K* HE 

$ bub NE.A4U1 N wMh, U> KC-li 
Density, gm/cc 
OnrgeWt.fc 

Total Mo. of FisgoMots: 

For TNT 
For Sublet HE 



FrogoMot Vstaoftyi ft/ser 
At 9 ft 
At 23ft ft 

Density, gm/cc 



Btaot (Moths tJ TNT): 
AH 

I 'oak Pressure 

Impulse 

crmgy 



Ah, <ta ofioodt 
Impulse 

Data Wotart 
Peok Pressure 

Impulse 

Energy 



Pook Pressure 



Impuho 

Energy 



(hoped C hotga Wtast tassass, TNT = IN) 

Gloss Conor Stool Conor 

Hota Vohme 
Hole Depth 

Colors Gr»y 

Tihilpol Uooo: HE projectile end bomb filler 



B 






Osst 


U-ta,N- 


lys gm/cc 




1.90 


Method 









Horord CIoh (Quontity-Diotonco) Clooo 9 



Compatibility Group 
Exudation 

Work to Produce Ru; '?•<; 

Avorog* (10 utti) 

High 

Lov 



Croup I 
Hone 



rt-lb/lnch^ * 

2-TT 

3.39 

2 . 1)0 



Afflux Vlscoslt 3sy > olt Socondo; 2k. 8 



•Test specimen l/2" x l/2” cylinder (epproxi- 
astoly 3 8») pressed at 3 tons (6,000 lb) 
total load or 30,000 psl with s 2 minute 
time of dwell. 



‘ > *■’ *»—»». .... 



I HO 












i “■ 



1 



1 






r 



VSi 



A 



AXCP7nn 



Modulus of Klaatlclty: * 





lb/ineh 4 


Average 


89,200 


High 


9T, 1 *00 


Low 


76,300 



• Test spec! nan l/2" x i/2" cylinder (approxinataly 3 gm) preaaed at 3 tona (6,000 lb) 
total load or 30,000 pal with a 2 ndnute tine of dwell. 



Setback Sensitivity feat: 



(•) 



• * 


Critical Preaaure 


119,000 pal * 


i 


Denaity, gm/cc 


1-9B 



* Preaaure below which no initiation la Obtained and above which an lncreaalig 
percentage of inltlatlona can be expected aa the aetback preaaure lncreaaea. 



Preparation: 

Proced ui e einilar to that uaed far Torpex. 
Reference a: 38 



(a) let Indorsement frost Chief, Xaploelvee Development Section, to Chief, Explosives 
Research Section, Pitt tinny Araenal, dated 12 May 1953. Subject: "Propertlee of Octole 
end HBl-3. n 



(b) H. Brawn and 8. Vellcky, Heat Capacity of HTA-3, Plot tinny Araenal Oenerel Laboratory 
Stepcrt Ho. 58-H1-509, 5 May 1958. 



38 S.e footnote 1, page 10. 
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Mmb Nlr M71 F tejas til s . Let WC-tl; 

Dentity, gm/cr 
ChwgaWt.lt> 

Tetal Ha. af fr i |awhi ' 

For TNT 
For Subjact HE 

) Each HI, M4SA1 Fiejactila. Let KC-5: 

Density, gm/cc 
Chorga Wt, lb 

Tatal Ha. a* Frsgwsata: 

For TNT 
Fw Subjact HE 



Fngn a t Vale thy: ft/aac 
At 9 ft 
At 2514 ft 

Density, gm/cc 



, Waat (Kalath u ta TNT): 
Air: 

Paok Pressure 
nputse 
Enargy 

Air, MM: 
Impuha 

Under Water: 

Pack Pressure 
Impulse 
Enargy 



Pack Pressure 
Impuha 
Enargy 
Heat of: 



Combustion, cal/gm 630 

Explosion, cal/gm 367 

Gas Volume, cc/ga 308 

Formation, cal/gm -3b6 



»* * *»• »«*- vyv , in*. 

Gloss Cora* jtais :Co naa 

Hole Volume 
Hole Depth 



Catan White-buff 



Friacipai Uaes: Detonators, priming compoaltlona, 
and commercial blasting caps 



Mat ha d af UaAgi pressed 



I ««<eg Daaaifrs gm/cc 

3 5 10 15 

2.62 2.71 2.96 3.07 

St ie: 



Method Wet 

Hazard Clou (Quontity- Distonca) Clan 9 



Compatibility Group Group M (wet) 

Exudation None 



Coapatiblllt> with Metals: 

Dry lead azide does not react with or cor- 
rode steel. Iron, nickel, aluminum, lead, 
zinc, copper, tin or ccJmlum. I. does not 
affect coatings of acid-proof black paint, 
oil, NKC compound or shellac. Lead azide In 
the presence of moisture corrodes zinc and 
copper; and vlth copper, it forms the extreme- 
ly sensitive and dangerous copper azide. 



Specific Heat: cai/em/°C 
!£ 




-50 


0.110 


0 


0.110 


25 


0.110 


50 


0.110 


Thermal Conductivity: 




cal/sec/cm/°C (Pure) 


1.55 x 10' 
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Lead A tide 







&}V ‘ ; ; .v: 

f* ' 

&.. * ” 



OcejatlMlltar Mitt Matala: 

jw. steal, iron, niedcel, llualnua, lead, sine, copper, tin, atainleaa atael, breea and 
bronze were uneffaeted by aix yeers’ contact with dry land aaida at aabient tar^ratura and 
$0°0. Rwl, carone -nickel and Incooei vara unaffected under the aene conditions In two and 
one- half yea re. 

bet: Copper and sine are rapidly attacked by aoiat lead azide, while elualnua la not 

attoSEed in 2k houra. Monel, ebroae- nickel and Inconel are not attacked by lead aside (ff 
■datura) after 25 - ontht * expoeure at aabient temperature and 50°C, end J-l aagneeiua-aluBl- 
aa alloy la vary a lightly corroded. 



8wa>la Seated 

motion Pendulum Hut: 
(All £A dextrine ted) 



lead Azide 

“"S’" 




Lead Azide 
plua 

20% Water 



Lea d Azide 

aW 

1 Aieo» 




1ST 



Shoe 


Fiber 


liber 


Steel 


Tiber 


Steal 


Fiber 


• 


Ho. of lrialo 


1 


10 


12 


10 


k 


1 


4 , 


Xzploalana 


1 


0 


0 


0 


1 


1 








0 


2 


0 


2 


0 


< 


unaffected 


0 


10 


10 


10 


1 


0 


i 



fact aanaitlTltr. 2 Ik wt: 
(All IA dextrine tad) 

PA Apparatua, Inchee A 
Activation toenor: (c) 
Koal/aole 

Induction Period, aacooda 



23- 7 1 * 
0.5-10 



Initiating PTLden. -v , Oraaa Required to give Complete Inltl atlona of: 

Dextrine ted Azlac (ga) 



TBT 

Tatryl 

ROT 

PETS 



0.25 

0.10 

0.05 

0.02 



G 



\*S 

' 



'^4^-r 




aenaitivlty to Static Dlacbarga. Joulaa (Pure Lead Azide) (b) 



0.0070 



184 



f 
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f. 



l -.1* 



k '• 



Le«d Azide 
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Owgatlblllty 

3LOO°CV>eui 



of Dextrinated Lead Azide vlth Black Powder; 



acuua Stabl 
auple Wt (ga) 



iiFUUBS 




cc 



1.0 

1.0 

2.0 



Load Azide 
Black Ponder 

50/50, Lead Azide/Black Powder 



0.50 

0.3B 

1.26 



Solubility of Pure Lead Azide; aa/lOO at of Water: 

2s i 

20 0.05 



Preparation of Lead Azide (Dextrine ted) : (du Pont procedure) 

2fc-«»K-»I + rb (*>3)2 -1 Pb(* 3 ) 2 *■ 2 HaK> 3 



Lead nitrate eolation: ibis is prepared by dissolving lo4 lba lead nitrate and 8.25 It., 

dextrine ls’’S?3a£Sed water, the solution allowed to nettle, an* sodium hydroxide added to 
bring the solution to a pH .'if 5.4. The final concentration of the solution la then adjusted 
t*j 7 .46 lead nitrate, 0. 3796 dextrine by addition of deionized water. 



Tbs lead aside la precipitated at a solution tempera turn of l60°P, using 60 parts land 
nitrate and 50 parts sodlua aside solution. lb* letter is added to the farmer in 23 sdnutes, 
under agitation (no baffles are used in the precipitation vessel) , the Mixture cooled to roan 
tssverctir r in 12 nlnutas, end allowed to settle 10 Minutes. The nattier liquor is decanted 
and the ranalnlng slurry washed before packing. 



:>#} 

. .'. tt 






i Orlxln; 



first prepared In 1891 by T. Curtluj (Bar 24, 3345*6) by adding load acetate to a solution 
of sodlua or SMonlun aside. P. Byronlaus (ifsnA Patent 384,792) should be credited wltn the 
first attempt In 1907 ’to use lead aside vlth sons success in the explosive Industry. Its coa- 
nerdal Manufacture started In Eur-pe before World War II end In the United States since 1931 
aa Military or commercial grade "dextrine ted" lead aside. 



1 r. 



Destruction by Chcaloal Decomposition: 
lead aside can be deceavosed by 



(: ) mixin g vlth at leeet five tines Its '-eight of a 106 solution of sodlua hydroxide 
and allowing the Mixture to stand for 16 hours. Decant the supernatant solution of sodlua 
aside and drain Into the soil. 



(2) dissolving In a 106 solution of a modus: acexate and adding a 10£ solution of 
•odium or potassium blchroaate until no nor* lead chromate la precipitated. 



(3) wetting with 500 times Its weight of water, slowly adding 12 times its weight 
of 256 sodium nitrite, stirring, and then adding 14 tines its weight of j66 nitric or glacial 
acetic add A red color produced by the addition of ferric chloride solution indicates Dead 
Azide is still present. 
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Lead Azide 



(4) dissolving in 50 tinea its weight of 15* eerie amonlun nitrate. Hie azjd^ la 
deccs*>~«ad with the evolution of nitrogen. ' ^ 

Referenced; 3* 



(e) Pfc. Naoua, Z gee 



». toffy , 181, 229, 26? (2? June 1932). 



(b) F. W. Brown, D. H. Fueler and F. C. Gibaon, Sensitivity of Baploelvea to Initiation 
by Electrostatic Discharges, U. S. Dept of Int, Bureau of kfinea, KI 3B5&, 1946, 



C. Lenchltz, Ice Oelorlneter Determination of Bnthal 
stalllc OonpounS, RATO <6224, Bovenber "v'lT 



eclfic Heat of Eleven 



(d) Also see the following Plcatlnuy A- se^nl Technical Reports cm Lead Azide: 



0 


1 


2 


1 


4 


550 


561 


832 


393 


iZ^ 


580 


861 


852 


1393 


784 


600 


1I51 


382 


1493 


e24 


760 


1651 


932 


2093 


944 


1450 




1132 


2133 


2164 






1152 




2204 



1352 

1372 



l 


6 


I 


8 


2 


255 


326 


567 


628 


609 


525 


856 


637 


708 


ns 


1325 


866 


657 


748 


749 


1485 


1316 


70? 


788 


769 




i486 


1737 


836 


849 




1556 


2227 


1388 


999 








1528 


2179 



1838 

2196 



l^ee footnote 1, page 10. 
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L— d gi4»jflpltror<torcln>t« (UHR) 
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Lead 2,4-Plaltrorssorcinate funs) 



Preparation: 




Tto a solution of 5 gram of purifla' linltroresardn and 2.6$ gran of anhydrous sodium 
< t* in $00 cc of boiling water is a..-' id slowly a solution of 10 gram of load nitrate 
resolved in 60 cc of boiling water. Die reaction mixture is constantly stirred during the 
wMition of the lead salt and far about an hour afterward while the solution is allowed to 
toox to room temperature Die precipitate is filtered and washed thoroughly first with water 
and -Own with alcohol ar ether. It la dried in a steam oven. 



Origin: 



i,b-dlnltraresorcln was described in the 1881 edition of Bellateln (Beil VII, 68$). The 
same confound was described in mare detail by WeselslQr, Benedict and Rdbl in 1882 (M II, 323). 
Bfte lsad salt of 2,4-dlnltrarwsorclnal appears to hare been prerered between World War I and 
World Mar H by treating resorcinol with nitrous add and oxidising the resulting dlnltroso- 
resordnol to dinitroresorcit oi. Lead ultra te solution was then added to e solution of the 



2,4-dlnltraresorcliial to which sodium aaxbonate had been added to for* the soluble sodium salt 
(J. D. 1’opper, EATO Bo. 480, March 19y4). Die HSR exists in two form differing in physical 
charade -is tics hut possessing similar explosive properties. Diese form ere red and orange 
in color (K. 8. Warren, EMS 1448, September 1944). 



-.fax 40 



(a) Ssa the following Picatlnny Arsenal Technical Reports on lead 2,4-W.nltroresorcinete: 



480 

$00 



1 

453 



4 

1004 



1326 

1448 



859 

1079 



Ssa footnote 1, paga 10. 
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Lead 4,6-Plnltroretorclnol 5a tic (LENR Basic) 




hope* TixiWMty, 2 Kg Wt: 

Bureau of Mine* Apparatus, cm 1 kg vt 
Sample Wt 20 mg 
Piccsinny Arsenal Apparatus, in. 

Cample Wt, mg 



Pfc 



•—OH 



60 

20 



■ t ,|l, , . -« t 

FIHHKl I 

Steel Shoe 
Fiber Shoe 



BHIe Ballet impact Test: Trials 



Explosions 
Port io Is 
Burned 
Unaffected 

EspMea ■: *C 

Seconds, 0. 1 (no cap used) 

1 

5 Explodes 295 
10 
15 
20 



Melocoier Weight: (PbjC^NgOg) 



Qxygea l e lesc e: 

CO- % 

CO % 



Den sit y: gm/ec 



I MeW eg Not: *C 



Fteuing Net: a C 



BsOog Not: *C 



Kefrattle* Index, n ° 

n£ 



V ecee o i StoMky Test: 

cc/40 Hr*, ot 
90*C 
100*C 
120*C 
*3S‘C 
150'C 

2BB trie Bemb lead Test: 

iBjfafHPowdcr fuse 



Minimum Detonating Charge, gm 
Mercury Fulminate 
Lead Azide 
Tetryl 

BaNMk Metier, % TNT: 

Tread Test, % TNT: 



7S’C loteraa H eo e l Heat Test: 
% Loss in 48 Hr* 



1B0*C Meet Test: 

% Lots, 1st 48 Hr* 
% Lost. 2nd 48 Hr* 
Expiation in 100 Hr* 



Val^Uldur 

▼ nwnHyt 



Plate Deat Test: 

Method 

Condition 



0.4 

0.0 

Hone 



Confined 
Density, gm/ec 
Brisance, % TNT 



Confinement 

Condition 

Charge DiometC'. in 
Density, gm/ec 
Rate, meters/second 



646 



-20 

c 



213 



15 



190 




•' •*» 

! 

l 



* 

t ^ 



Lead k,6>-I&nltroref<orclnol Basic (Tim 
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M mm HI. M71 P?«^cttta, bet WC-91: 

Density, gm/cc 
Charge Wt, lb 

TetolNe.ef FrogeMeh: 

For TNT 
for Subjo^t HE 

Slack HE, MOA1 PnfodUt. Let KCS: 
Density, gm/cc 
Charge Wt, lb 

Tfl Hfc of fingiwW: 

For TNT 
For Subject HE 



Shaped Ckotgo Effectiveness, TNT s 109: 

Glass Conot Stool Cents 

Holo Volumo 
Holo Dspth 



At 9 ft 
At 25^ ft 

Density, gm/cc 



Mtrt (lofoMoo to TNT): 
Ain 

Psok Prossuro 

Impulse 

Energy 



Air, C sof k ssdi 
Impulse 

Under Welon 

Pook Pressure 

Impulse 

Energy 



Color 


Red or yell cot 


Pile tip si Usss: 


Electric de tons tors 


Mstbsd of leedtap : 


Pressed 


Leedfag Density: gm/cc 




Stooge: 


Method 


Vet 


I 

Mozart Clou (Quontity-Drstonca) CXoas 9 


Compatibility Group 
Exudation 


Kone 



Inltletlng Efficiency: O.U gm LTHR Besle 
does not initiate tetryl pressed st 3000 
pei. 



Peak Pressure 

Impulse 

Energy 



/ 
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Preparation; 



Lead fr.S-Dlnltroresorclnol BMlc (LUtR Ba*lc) 



O-Pb-OH- 



C^'O' 



Fb( CHjCOO.'g ° 2 N 



O-Fb-OH 



(a) OtM hundred great of pure resorcin le fused In s porcelain casserole and 1 mediately 
poured on a glass plate. After cooling, the cake le ground In c Barter to pass a U. S. Stan- 
dard Ho. 6 aesh screen. Four hundred grans of 98 percent nitric acid In a one pint capacity 
Devar Jar la stirred mechanically while carbon dioxide snow Is added In aaall placet. Whan 
the tesqareture fall* to -PO°C, V) gram of the granulated resorcin la added in snail quanti- 
ties. Simultaneous addition of a olid carbon dioxide aa required prevent* a rise of tempera - 
tuie of nor* than 5 degrees throughout the entire experiment. Five minutes after the last 
portion of resorcin is Introduced, the mixture la further cooled to minus 50°C, and finally 
drowned with vigorous stirring In fl .e times its volume of cracked lea. In water, nils mix- 
ture Is allowed to stand for one hair end the product then filtered, washed, and partially 
dried, weight V3.6 grew. The crude ^,6-rfcfl la purified by first dissolving the product in 
an aqueous 5 percent sodium hydro*, la solution (I7.b grama of sodium hydroxide In 3hO cc of 
water). The resulting solution It then neutralised by gradually adding It to a boiling solu- 
tion of 21.k gram* of 96 percent sulphuric add In 150 cc of water. The resulting precipitate 
of 4,6-EKR Is filtered hot on s suction filter and air -dried. Yield; 27.5 grams (37*8 percent 
of the theoretical). 

(b) Five hundredths (0.05) mole (18.96 grams) of laad acetate is dissolved in 67 cc of 
warm water, into which Is gradually stirred 0.10 mole (k.O grams) of sodium hydroxide dis- 
solved In 67 cc of water. .Stirring Is continued for five mini tea. After settling, the white 
lead hydroxide Is washed by decantation three times with 100 cc portions of distilled water, 
and used lmedlately for the next operation. 

(c) A 0.0278 mole (5-56 grama) quantity of the 4,6-BIR prepared under (a) above, la dis- 
persed In 270 cc of water by vigorously beating with a motor stirrer. After heating this 
dispersion to 90°C, the 0.05 mole of laad hydroxide prepared above In slurry form is intro- 
duced In small portions. Agitation Is continued for three hours at 90°C. The baste lead 
4,6-mrt Is washed ouce by decantation, and again on the filter with alcohol. After drying 
overnight In a desiccator charged with calcium chloride, the product weighs 15*6 grams. 

Origin: 

Both the 2,U- and h,6-dlnltroresorcln were described In some detail by Vfeselsky, Benedlkt 
and Huol In 1882 (M II, 323)* fypka prepared the Jt,6-dlnltrore>;orcln In 1883 by iiydrolyzing 
the nitration product of resorcin di acetate (Bar 16, 531). A 'tort direct and economical 
method of preparation suitable for production scale manufacture was developed during World 
war II by tha British (Ministry of Supply Pouch Item W-15A-21S, "Mr uufacture of 4.6-Wnltro- 
resorcin and Lead 4,6-Idnitroresorclnate") . This procedure consisted of preparing b,6- 
dlnltroresordnol by direct nitration of granulated resorcin and allowing the product in slurry 
to react with an excess of lead hydroxide at 90 °C- This basic salt can be prepared in two 
forms: (1) a micro-crystalline, yellow, low-density form and (2) a denser, brick-red form. 

Both products have the ease chemical composition and the same sensitivity to impact (PATH 
ll*t8, September 19UU). 
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Moletnlot Weight: (pbCgH^K^) 



C/H Ratio 0.320"— -J 

I— *» »-« *- f |f »»»- 

c^^mWW| f A ” * * 

Bum of Mina Apparatus, cm 17 

Sample Wt 20 mg 

Picotinny Arsenal Apparatus, in. 3i (8 oz vt) 8 
Samp 1 * Wt, mg 22 



Detonate* 
Deton* tea 

Tot; Trials 

% 



Stool Shoe 
Fiber Shoe 



Explosions 
Portia Is 
Burned 
Unoffected 



Seconds, 0.1 (no cap used) 

1 

5 Explode* 

10 

IS 

2C 



Hyg r wa te pl c lty: % 25°C, 100* RH 



Oxygon Beteace: 

CO* % 

CO % 


-19 

2 


Deesity: gm/ee Crystal 


3-02 


MeMeg Point: *C Explode* 


260-310 


Freezing Point: *C 


Boiling Paint: *C 


Ketractrr* Index, u° 




n» 




n» 





VectNMi Stability Tort: 

cc/40 Hrs, at 
90 *C 
I00*C 
»20*C 
I35*C 
150*0 

200 Greet Bomb Seed Test: 

BSck^HTlffliir flue 

Se e slth ity te laMeHe*: 

Minimum Detonating Charge, gm 
Mercury Fulminate 
Lead Azide 

alternative 



Trace* 

Trace* 



7S*C letiinetlenel Heat Tent: 
% Lea in 48 Hrs 


“ 


100‘C Heat Tee* 

% Lea, 1st 48 Hrs 


O.38 


% Lea, 2nd 48 Hr; 


0.73 


Expiation in 100 Hrs 


None 


Plemaebilltv Index: 





BeUittic Matter, * TNT: 


Trees! Test, % TNT: (*) 


Lo 


Plot* Dent Test: 




Method 




Condition 




Confined 




Density, gm/c' 




Brisonce, % TNT 




Detonation Beta: 




Confinement 




Condition 




Chorge Diumeter 




Density, gm/cc 


2.9 


Rote, meters/second 


5200 
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Lead Styphnste 



99 mm HI, M71 I 

Density, gm/cc 
Charge Wt, lb 



PiejectUe, Let WC-*1: 



ft ef e t O isigs EffscWreasss, THT = IMt 

Gloss Cones Steal Cones 

Hole Volume 
Hole Depth 



Tetel He. al Frags 

For TNT 
For Subject HE 



3 tads HI. M43A1 

Density, gm/cc 
Charge Wt, lb 



Pro j ect il e, Let KC-S: 



Tetel Me. at Fragseeats: 

For TNT 
For Subject HE 



Orange-reddish brown 



Ueae: Igniting charge, and Ingredlert 

of priming cesspool t ions 






Pressed 



Prepnat Vslsclty: ft/sac 
At 9 ft 
At 25V4 It 

Density, gm/cc 


Most (Islet ire to TNT): 




Ain 




Peak Pressure 




Impulse 




Energy 




Aiff QmHinJt 




Impulse 




Under Water: 




Peak Pressure 




Impulw 




Energy 








Peak Pressure 




Impulse 




Energy 




Heat of: 




Combustion, cal/gm 


1251 


Explosion, cal/gm 


1*57 


Gas Volume, cc/gm 


368 


Formation, cal/gm 


-92 



Leadtag Deatfty: gm/cc 






Method 


Vet 


Fkuord Class (Quantity-Distance) 


Class 9 


Compatibility Group 


Group M (wet) 


Exudation 


Rone 



kcal/noi 

Induction Period, sec 

pacific Heat: cal/cm/°C 
o_ 













V 



t 




.I-' 





, 




I 



Ik. 

I 



I 



r" 

i 

i 







i 
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FbHgO + 2UH^COOH 



Dissolve 14.4 gm lead nitrate and 1 cc of 36* acetic mid in 320 cc disti-Ued eater. Mi- 
aolve 1* gm 2,h,6-trinltroresorcinol and 1.73 gm sodiun caruooate in 80 ee distilled eater. 

Add the 1-ad acetate solution to the trlnitmresorclnol solution, under agitation, keeping 
the temperature at 70°-75°C and continue stirring for 3 hours at this temperature, cool to 
20°C in 5 hours. Evaporate the solution to l/3 its volume, cool, filter and wash the product 
veil with eater (to neutrality). 



Sensitivity to Static Discharge, Joules: (b) 

Loss In Weigh; at 1P5°C; * 

3 hours 
6 hours 
9 hours 

Effect of Storage for 2 Months at 3o°C, on: 

1 Explosion .temperature Test Value 

V y Sand Teat Value 

Sensitivity to Initiation 

Solubility, m/LOO ga (*) In: 

Glycol macetatc 

£ 

20-25 0.1 



0.0009 



0.02 

0.23 

0.23 



111 

Nil 

Nil 



Origin; 

First described in 191 1 * by von Hurt! and found to be a relatively poor initiator by Wall- 
baum in comparison to other primary explosives. (Z ges Schiess Sprengstoffw 34, 126, l6l, 197 
(1939))' Molaak shoved that lead styphnate could be used as an Insulating (cover) material 
for lea*' azide providing protection from mechanical and chemical influences and, at the -«» 
time, increasing the detonating ability of the total charge (Transactions of Butlerov Inst 
Chem Tech Masan (Russia) 2, 8l-5 (1935). 



'* 
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Destruction by Qw leal Decaapoaltloo; 

Land etyphnate i« decomposed by diesolring it is at least 40 tlaee it* might of 200 eoClua 
hydro*; ie or 100 time it* might of 20 0. aoMool><n acetate and adding a solution of aodlua 
dlchroMte, aqua.’. to half the might of atyphn^te and 10 part* of mter. 

Rrttronoea: * 1 

(a) Report AC-9'^/0rg Ex 74. 

(b) F. W. Brown, D. H. Kuvler and F» C. Oibaon, Sensitivity of Eiploalyea to Initiation by 
gLectroetatlc Discharges, U. £. Dept of Int, Bureau of Mines, Hi 3B52, 1946. 

(c) C. Lenchitz, Ice Calorimeter Determination of Enthalpy and Specific Heat of Eleven 
Qntsnoaetall lc rr-r>ou5& , PATR fro. &g4, Koredber 195$* 

(d) Also see the following Ploatlnny Arsenal Technical Reports on Lead Stvphnate: 



0 


1 


2 


7 

it 


4 


6 


I 


a 


2 


1450 

2220 


11 


1352 

2032 


**53 

2093 


2164 


1316 


40? 

1737 

2077 


318 


2179 




4 lSee footnote 1, page 10, 
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Mannitol Hexa nitrate (Nitroemnnlte 



fm ec iWI ii Taat: 

NmM,MT 1 Projectile. U 
Oanaity, gm/ce 
Chorge Wt, lb 

Tr*sl Me. al FregoMets: 

For TNT 
For Subject HE 

3 lack HI, M42A1 Projectile, I 

Density, gm/ce 
Charge Wt, K> 

Tetol No. of fri^aiH ' 

For TNT 
For Subject HE 



F re g esl Vetecby: ft/sec 
At 9 ft 
At 25V4 ft 

Density, gm/cc 



Meat (Relative te TND: 
Air: 

Peak Pressure 

Impulse 

Energy 



Air, CsoHm 
I mpulse 



Peak Pressure 

Impulse 

Energy 



Peak Pressure 

Impulse 

Energy 



Shap'd Ch arge IHirthseesi. TNT = 1M: 

" lass Cones Steel Cones 

Hois Volume 
Hole Depth 



M Uses: Secondary charge In detonators 
(ref 1), and In blasting cape designed to 
be Initiated by a fuse (ref j) 



Ua£ag Diailtjt gm/cc 


Storage: 




Method 


Iky 


1 Hazard Class ((Xionlity-Dt$tonc») Qiu 9 


Compatibility Group 


- 


Exudation 


None 


65.5°C ra. Test: 




Minutes 


6 


Heat of: 


(«» s) 


Combustion, cal/gm 1515 


152‘i 


Exploslo.., cal/gm 1390 


1 U 60 1520 


Formation, cal/cm 337 


3^5 366 










* 

¥ 



Mannitol Rexanltrato (Nitromannlte) 
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Solublllt 



a. Insoluble in water. 

b. Slightly soluble in cold alcohol (2.9 gm at 13°C). 

c. Slightly soluble in ether (4 gm at 9°C). 

d. Very soluble in hot alcohol. 

Preparation: (Laboratory Method) (k) 

a. Cool to below 0°C, 5C gn of 98$-100* nitric acid placed in a 300 milliliter Erlenmeyer 
Pyrei flask provided with a thermometer and immersed in an ice-salt mixture. 

b. Introduce in samll portions, 10 gm of d-mannitol, while swirling the 'leak to break up 
any lumps of aannite which might form. Keep the temperature below 0°C. 

c. After solution la complete, add 100 gm of concentrated sulfuric acid from a dropping 
funnel, swirling the flask in an ice-salt mixture to keep the temperature below 0°C. 

d. Filter the resulting porridge-like slurry through a filter paper previously hardened 
by treatment with mixed acid. 

e. Rinse the precipitate directly on the filter with water followed by dilute aqueous 
sodium carbonate and finally with water. (The resulting crude mannitol hexsnltrate gives 
lb. 2^ H as determined by the nitrometer.) 

f. Dissolve the crude mannitol hexanitrate in boiling alcohol and filter through a water- 
heated funnel. 

g. Bring the filtra-e to boiling and gradually add hot water until the appearance of the 
first turbidity. 

h. Cool in en ice-salt bath, separate and dry the crystals- (Yield should be about 23 
gm of material, melting -t 112°-113°C and having 18.58$ H, the nitrogen being determined by 
t!.r nitrometer. Theoret leal yield would be 24.6 gm. ) 

Origin: 

Mannitol hexanitrate was discovered in 1847 by Aacanio Sobrero who reconmendcd it aa a sub- 
stitute for mercury fulminate in percussion caps (Coup rend . 1847. 121). It is the hexanitric 
ester of d-rsnnltol which lc widely distributed nature, particularly in the slant Frajr.'.nus 
oraus. H. Sokoloff , a Russian chemist- , investigated the explosive properties of snd rscora- 
mendef in 1878 a method of prep—ucion. Mannitol hexanitrate was thoroughly studied by berthe- 
lot, Sarran and Vieille. itoonte, Menard, Strecker, Ticfcanowich (Pb. Haoum, Nitroglycerin and 
Nitroglycerin Explosives , Baltimore, 192“, pp. 156, 247-250), and particularly by J. H. Wigner 
(Ber 3b, 796 U9031). fctore recent data have been reviewed by Guestalla and Racclu ("Modem 
Explosives, " Industria Chimica 3, 1093-1102 (1933)). 

References:^ * 2 

(a) G. C. Hale, Abstract of Available Information on the Preparation and Explosive Proper- 
ties of Hexanltronannlte, PA Special Report Ho. 23 H, 30 July 1925- ~ 
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0 — H — C 



0 — H— C 



He 70.6 
C/H Ratio 



epest leesMsfly, IK|Wh 

Bureau of Mines Apporotus, cm 5; (1 kg vt) 
Sample Wt 20 mg 

Pfcatimy Arsanel Apparatus, in. 2; (1 lb vt) 
Sample Wt, mg 





(HgCgHaC^) 


265 


Oxygse 8 el ease: 

CO, % 

CO % 




-17 
* 5 


Density: gm/cc 


Crystal 


1*. U3 


it -■»«- _ fl-l-t. 0, 

IWBWflV^ eVBBns ^ 




Decoa^roees 


rvBBPvz v. 


|_l^, e<n 
s^Wi Sr 

V- 



Steel Shoe 
Fiber Shoe 



Explodes 

Explodes 



Rifle Beta I 

Lxplotiont 

Partial* 

Bunted 



Second*, 0.1 (no cap used) 263 

' 239 

Explodes 210 

for-*' 199 



7VC IsSs m stiies I Meet Test: 

% Loss in 48 Hr* 0.18 



180‘C Meet Test; Exploded Is 16 hours 
% Loss, 1st 48 Hr* 

% Loss, 2nd 48 Hrs 
Explosion in 100 Hrs 



Hy g iss s sp I s B y: % 30°C, 9056 RH 



Vectmm SteSIPty Test: 

cc/40 Hrs, at 
90‘C 
100‘C 
120*C 
I35*C 
150*C 

200 fltaai Bomb Saed Test: 



Twhlskii «• leM^Le> 

Minimum Detonating Charge, gm 
Mercury Fulminate 
Leod Azide 
Tetryl 



Explodes 



BsIHsHt Mortar, % TNT: 




Ttaesi Teel, % TNT: (s) 


51 



Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 



Detseertse Rale: 








Confinement 








Condition 




Pressed 


Charge Diameter, !n. 
Density, gm/cc 


2.0 


3-0 


4.0 


Rote, meters/second 


3500 


4250 


5000 
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Mercury Fulminate 



h<|mMNw T«h 

M MM HI. M71 Projectile. Let WC-*1: 

Density, gm/cc 
Charge Wt, lb 

—A A . — * — , 

I W I^M W vl^pOTMIt 

For TNT 
For Subjact HE 

S tack HI. M42A1 Fr e jeetUe, Lee rC-J: 
Density, gm/cc 
Charge Wt, lb 

Tetol Me. el 

For TNT 
Fo. Subject HE 



l V sh it ty: ft/sec 
At 9 ft 
At 25% ft 

Density, gm/cc 



Meet (teietleete TNT): 
Air: 

Peak Pressure 

Impulse 

Ltergy 

Air, Cesfleei: 
Impulse 

UiOer Water: 

Peak Pressure 

Impulse 

Energy 



Peak Pressure 

Impulse 

Energy 



Sbeped Ch s r gs IH e it lrees st , TNT = 100: 

Glass Cones Steel Cones 

Hole Volume 
Hole Depth 



Celer: 



White to grey 



Usee: Detonators end Ingredient of 
priming compositions 



MeHw^ el Lsedtag: pel x 10 J 

3 5 10 12 15 20 

3-00 ^ 2i 60 3JS 3J2 ibflJL 



Lislieg Peeslty: gm/cc 



Method 

Hazard Class (Quontity-Distonce) 
Compatibility Group 
Exudation 



Wet 

Class 9 

Group M (vet) 
None 



Stab Sensitivity: 



gm/cc 


2* 


JOJt 


100& 


3-91 


3-8 


M 


5-5 


1*,26 


1.6 


2.6 


5-5 


l*,32 


1.6 


2.6 


t.o 


1».50 


1.6 


2-5 


i».o 


Activation Energy: 
kcal/B 'i 

Induct.on Period, 


sec 


29.81 

0.5-10 



Heat of; 

Combustion, cal/gm 
Explosion, cal/gm 
Gss Volume, cc/gm 
Formation, cal/gm 

3peclflc Heat: csl/gm/°C 
Thermal Conductivity: 
cal/sec/cm/°C 



.m 

i.i 



1 x 10 




1 
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Initlatl 



gigHtBEGSWEs S 3 



uired to Give 



Fulminate, gn 



lete Initiation of: 



THT 

Tbtryl 

RISC 

PETR 

atlbility vith He tele: 



^ Reacts rapidly with aluminum and magnesium. Reacts slowly with copper, sins, brass 
re. Iron and steel are not affected. 

Wet: Reacts 1 mediately with aluminum and magnesium. Reacts rapidly with copper, tine, 

brass and b roc re. Iron and steel are not affected. 



Sensitivity to Static Discharge, Joules: (b) 



The Effect of Storage at 



on the Purity of Mer< 



Months 

Storage 



Recrystallised Lots 

985 9|i'" 



0.025 

ury Fulminate 

Uncrystalllred Lota 

505.6-7/31 505.3-5/n 



0 


99.75 


99-77 


99-79 


It 


6 




99. J >5 


99. 5t 


8 

9 

10 


12 
1 s 

it 


98. 7t 
98.26 
96.22 


99.56 


97. t9 


15 


97.52 


99.33 


99-30 


16 


97-00 




99.01 


17 


95-70 


96.66 




18 


9t.8i 


98.58 


96.1*6 



Mercuric fulminate readily decomposes in the presence of aqueous solutions, chloi ides, car 
bonate and many other materials. Cue to the pretence of small amounts of mercury, i armed by 
exposure to light or elevated temperatures, it readily forms amalgams with copper, brass and 
bronze, thua components containing these metals must be protectivel. coated if used with ful- 
minate. 



Solubili 






Grams of Mercury Fulminate in 100 Irsjns of Veter 



OH 





jt 
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( Chemistry of Powder rad Explosive! . Davis) 
CH 3 ~ CHj-OH — » CHj— CHO — * CHg— CHO 5* |H- 



— CH 

I 

H— OH 



| 0 5 > 

C-COOH 



- CH— COOH 

n 

S — OH 



Hg(o»c) 2 



firm gw mercury la dissolved in 25 cc df nitric add (sp gr 1.42) without agitation, and 
thla solution pourad Into 50 cc of 900 ethyl alcohol, resulting In a vigorous reaction, 
attended by evolution of white fures and subsequent ap pearance of fulminate crystals. Bed 
fuses then appear as precipitation of the product accelerates, and then white fuass again are 
evolved as the reaction Moderates. After about 20 Minutes the reaction Is over} water is 
added, and the crystals are repeatedly washed, by decantation, with water to rewove all acidi- 
ty. The product Is purified, rendered white, by solution in strong aaaonlun hydroxide, fol- 
lowed by reprecipitation with 300 acetic add. 

Origin: 

Mercury fulminate wee first prepared by John K. von Lovenatero (1630-1703) and in 1800 its 
preparation and properties were first described in detail by Zdwerd Howard in a paper presented 
to the floyal Society of London (Phil Trans, 204 (1800). It was 1667 before the ccmpound wee 
used ea an Initiating agent, when Alfrei Jfobel invented the blasting cep and used mercury ful- 
minate to detonate nitroglycerin (British Patent 13^5 ( 1867 )). 

Destruction by C hem ical Decoroosltlon: 

Mercury fulminate is decomposed by adding it, while stirring, to at least 10 tines its 
weight of 20 0 sodium thiosulfate. Seme poisonous cyanogen gas may be evolved. 

References : 4 3 

(a) Ph. Swum - Z gee Schiesa- 9prengstoff w (Munich), pp. l 8 l, 229, 267 (27 June 1932). 

(b) P. W. Brown, D. H. KUsler, and P. C. Gibson, Sensitivity of Explosives to Initiation by 
Electrostatic Dlichargea, U. S. Dept of Int, Bureau of Mines, iu 3852, 19**6. 
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(c) Also see the following Mcatinny Arsenal Technical Report* on Mercury Fulminate: 



0 




2 


1 


4 


l 


6 


I 


8 


2 


230 


301 


132 


23 


144 


65 


266 


277 


28 


199 


480 


381 


452 


203 


294 


105 


366 


297 


78 


609 


510 


561 


522 


393 


534 


255 


558 


407 


278 


749 


550 


1651 


582 


433 


624 


285 


566 


537 


318 


849 


610 




782 


833 


694 


365 


866 


567 


788 


999 


660 




882 


1183 


784 


415 


986 


837 


1838 


1079 


760 




932 


1393 


874 


425 


1316 


857 




1389 


1220 




1192 


2093 


1104 


1325 


1486 


1737 




2179 


14W 




1352 






1365 


1556 












1375 








2146 









1722 

2032 





l 

H 

i 

{ 

i 



l 

) 

♦ 

♦ 



r 






AMCP706477 fietriol Trini trite (MTN) Liquid [or l^lac^hylole thine Trlni trite 






OgSO— ch 2 



0 2 N0-CH 2 - 



0,N0-CH, 
0 56.4 2 2 

C/H Ratio 0.150 



I » » i» « |f_ Uik, 

Bureau of Mints Apparatus, cm 47; (l lb vt) 
Somple Wt 20 mg 
Picotinny Arsenal Apparatus, in. 

Sample Wt, mg 



Oxyge R elax e s: 

CO- 96 
CO % 



Dimity: gm/ec Idguld 



Me*: *C 



Froesiag Peiot: *C 



BeWag Peiot: *C 



Refractive Index, n » 



1.4752 



Prictioa PmMm Test: 




Steel Shoe 
Fiber Shoe 


Explodes 


Rifle Reflet Impact Test: Trials 




% 

Expiations 




Portia Is 
Burned 
Unaffected 




ExpSeeiev TinpcMhM: °C 

Sicavds, 0 1 (no cop used) 




i 

5 Ignites 235 

10 
IS 
20 




7$*C latere etieeel Hoot Test: 

96 Lots in 48 Hrs 


100-C Meet Test: 




% Loss, 1st 48 Hrs 


2-5 


96 L'»s. 2nd 48 Hrs 


1.6 


Explosion n 100 Hrs 


None 


Hernia e>IHty lodes: 


Hrfrascepicity: % 30°C, 90* RH 


0.0? 



: 60 C, mg/cmVhr 



Vacaam Stability Test: 

cc/40 Hrs, at 
90‘C 

100'C ce/go 1.9 

I20'C 

135"C 

150*C 


200 Oram Bsmb Read Test: 




Sond, gm 


43-7 


Seeilttvity ta Isltiatisa: 




Minimum Detonating Charge, gm 




Mercury Fulminate 




Lead Azide 




Tetryl 




Ballistic Mortar, % TNT: (a) 


136 


Trans) Test, % TNT: (b) 


140 


Plate Deaf Test: 




Method 




Condition 




Confined 




Density, gm/ec 




Brisonce, % TNT 




Deteaetiss Rata: 




Confinement 




Condition 




Charge Diameter, in. 




Density, gm/ce 




Rote, meters/second 
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Hetrtol Tflnlt/ate (MTS) Liquid 



Prepare ti on: 

Metrlol (trimethylolmethylmethsr.e) la obtained by the following procedure, baaed on work 
by fioaaeuc (Annalen 2J6, 76 (1893) 5 

Into a 5 liter round bottom flask In weighed 2700 gms of water. To thiB are added 267 gms 
of 365 ( formaldehyde and 60 gas of proptonaldehyde. The mix-ure Is stirred for a few seconds. 
TO the mixture Is added 150 gms of calcium oxide previously slaked with 600 gms of water. 

The mixture Is bested lc boiling water for four hours, and then allowed to cool spontaneously 
overnight. After filtering off the insoluble calcium hydroxide, the aolutlon la haated and 
treated with a saturate! aqueous solution of oxalic acid to precipitate all the calcium. The 
precipitated calcium oxalate la filtered off, and the pale-yellow filtrate concentre ted at 
much aa possible on the steam bath to a thick lemon-yellow syrup. After dissolving in abso- 
lute alcohol, the solution is filtered and concentrated In toe steam beth to about twice the 
volront of the concentrated syrup. The solution Is then chilled In a cold box to hasten cry- 
stallisation. After allowing It to warm up to just above 0°C, the mixture la filtered. The 
resulting product Is cot sufficiently pure and is recrystallized from absolute alcohol. The 
melting point of the product (40. 3 gm) Is then about 19t>°C (Tosaeus gives 199°C). 

Metrlol is nitrated by carefully mixing It with 3.5 parts of 65/35 HUO^/HoSO^ maintained 
at 20°C, stirring for 30 minutes, cooling to 5°C, and pouring the reaction mixture on Ice. It 
is extracted with ether, water-washed, and adjusted to pH 7 by shaking with x sodium bicar- 
bonate aolutlon and again water-washed three times. It la then dried with calcium chloride, 
filtered, and freed of ether by bubbling with dry air until minimal rate of loss In weight la 
attained. TL- yield is 8856 of the theoretical. The product has a nitrate-nitrogen content 
of 16. 3556 (calulated: 16.U756) . Its refractive index at 25°C is 1.1*752. 

Origin; 

ffl», according to Italian source a, was first prepared and patented by Bomfcrlnl-Parodl- 
Delfino Company of Italy unucr the name "metriolo." A German Patent of 1927 also describes 
the preparation and gives some properties. This compound was known in Trance before World 
War II under the name of "Hitrapentaglycerin" and Burbot and Thomas determined Its beat of 
combustion (Ref b). 

References; 




* t 



(a) A. H. Elatt, Compilation of Data on Organic Explosives , OSRE Report No. 20ll*, 

29 February 19^*. ~ ~ ”* 

(b) E. Burlot and M. Thomas, Mem poudr 29, 262 (1939). 

(c) Also tee the following Picatinny Arsenal Technical Reports on Metrlol Trinitrate; 
I6l6 and 1817. 
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Cemp .sMee; 

9b 




Anmoniuvi Nitrate 


1*0 


HIT 


1*0 


Aluminum 


20 


C/H Ratio 





Mslsse ter Weight: 



Impest limjfMty, 2 Kg Wfc 




Bureau of Mines Apparatus, cm 


35 


Sample Wt 20 mg 




Picotinny Arsenal Apparatus, in. 


13 


Sample Wt, mg 


17 


Mdfee Pesdsdem Ted: 




Steel Shoe 




Fiber Shoe 





UHe BeNd Imped 

Explosions 

Portioh 

Burned 



.«h Trills 

% 



Second*, 0.1 (no cop used) 

1 

5 Ignites 
10 
15 
2t 



75*C I deredii eel Heel Ted: 

% Lou in 48 Hr* 



100‘C Heel Ted; 

% Loss, 1st 48 Hr* 
% Lost, 2nd 48 Hn 
Explosion in 100 Hr* 



Oxygen leleete: 

CO- % 

CO 9b 


-38 

-20 


Density: gm/cc 


1.62-1.68 


MelHm flint - *C 




f reexieg Paid: *C 




BeiHng Paid: *C 





He fiect hre lodez, nS 



Vecimei Stability Ted; 

cc/40 Hrs, ot 
90‘C 
100*C 
I20*C 
135 *C 
150*C 



d t.i ». ^ ■ ut -» 

dBHUI IIH | W IBHIfniai 

Minimum Detonating Chorge, gm 
Mercury Fulminate 
Lead / side 
Tetryl 



fli— iibllit| f4ci: 


100 


Hygrnecepkhy: % 





BeMidk Merter, % TNT: 


(») 


li*3 


Tretsel Ted, % TNT: 


(b) 


165 


Plete Dent Ted: 


(c) 




Method 




B 


Condition 




Pressed 


Confined 




No 


Density, gm/ee 




1.73 


Brisonce, 9b TNT 




66 


DdeeeHen Rate: 


(d) 




Confinement 




ViOne 


Condition 




Cast 


Charge Diameter, in. 




L.6 


Density, gm/cc 




1.68 


r ■», metsrs/ second 




5820 
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Minol-2 



rk 



Iceetar See P'-Sf Test: 


(e) 


Condition 


Pressed 


Tetryl, gm 


100 


Wox, in. ro* 50% Detonation 


1.46 


Wox g.'n 




i tensity, gm/cc 


l.T 1 * 


Heafefc 


(*) 


Combustion, col/gm 


3160 


Explosion, col/gm 


1620 


Gos Volume, cc/gm 




Formction. col/gm 




Fusion, col/j 




SpacH'r Heated!'?* / C 




At -A 1 


0.30 


Density; sm/cc 


1.74 


latalag lata: 




cm/tec 





Oxygen, otoms/iec 
(Z/sec) 

Hoot. kiiocalorie/mole 
(AH, kcol/moi) 
Temperoture Ronge. *C 

Phase 



Aimt Plata I if a ct Test: 



50% Inert, Velocity, ft/tac 
Aluminum Fineness 



Piote Thickness, inches 



Coefficient of tape as lea: 

Linear, %/*C 

Volume, %/‘C 


Settle* 


Test leg's Madalns: 


(b) 

10 


E', dynes/cm 2 


5.03 x 10 


E, lb/inch 2 


0.73 x 10 6 


Density, gm/cc 


1.66 


Compressive Strength: Ib/inch 2 ( 0 ) 


1910-2070 


Density, gm/cc 


1.68 


Vapor Pressure: 




’C mm Mercury 





Itinfc 

T7, 2008-» lewl A n ew Piercing Boa* r» C 

■<x Safe Drop, ft 

500-k ieacr -l Purpose leash *s Caster ata: 

Heigh*, ft 
T rials 
Unoffected 
Low Order 
High Order 

1040-fc General r urpoaa laask tj Ca acre s *: 

Height, ft 
Trio is 
Unoffected 
Low Order 
High Order 















T**t: 

W M HI. M71 fn |«cHlt. la* WC-91: 

Density, gm/cc 
Chang* Wt, lb 

T*t»/ Me. *f F runmh : 

For TNT 
For Subject HE 

3 tack HI. M12A1 Ptej>c * iU, let KC-Ss 
Density, gm/cc 
Charg* ' Vt, lb 

For TNT 
For Subject HE 

Fragment Vaiedty: ft/sac 
At 9 ft 
At 25V4 ft 

Density, gm/cc 

Blaat 'Seleti** H TKD: 



Ain 



Peak Pressure 


115 


Impuls* 


116 


En**gy 


133 


Air, C— H**4i 


Impuls* 


90 


IMar Water: 


Pook Prassur* 


108 


Impulse 


126 


Energy 


140 



I M wi m H; 

Peok Pressure 

Impuls* 

Erwrgy 





Minol is a castable mixture consisting of 
40 percent HIT, 1*0 percent amnonium nitrate, 
and 20 percent powdered aluminum and there- 
fore can be prepared by adding the dry in- 
gredients to molten HIT at 90 3 C under agita- 
tion. Minol also can be prepared by adding 
25 parts of aluminum to 100 parts of 50/50 
amatol previously prepared. 



134 

139 

ll*7 
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Hlnol-2 



Hlnola are British ternary explosives developed during World War II. There are three for- 
mulations: 



Composition, %: 


Mlnol-1 


Mlnol-2 


Minol-3 


BIT 


48 


40 


42 


Aanonium Nitrate 


42 


40 


38 


Aluminum 


10 


20 


20 



References: 

(a) L. C. Smith and S. G. Oyster, Physical Testing of Explosives, Part in - Miscellaneous 
Sensitivity tests; Performance Teate , Oskb Report too.$?46, zf beceaber 

(b) Philip C. Keenan and Dorothy Pipes, Table of Military High Sxploe'vea , Second Revision, 

HAVORD Report Ho. 87-1*6, 26 July 1946. 

(c) D. P. MacDougall, Methods of Ihyalcal Testing , OSRD Report Ho. 803, 11 August 1942. 

(d) G. H. Messer ly, The Bate of Detonation of Various Explosive Compounds, OSRD Report No. 

1219, 22 February 1943* 

M. D. Hurvitz, The Bate of Detonation of Various Compounds and Mixtures , OSRD Report 
Ho. 5611, 15 January 1946. 

(a) L. C. Smith and S. F Walton, A Consideration of RDH/Wax Mixtures as a Substitute for 
Tetryl In Boosters . HOL Memo 10,303, 15 June 1949* 

(f) Canal ttee of Dlv 2 and 8, HDfiC, Report on HHX and Trl tonal, OSRD Ho. 5406, 31 July 1945. 

/ 

(g) V. R. Tomlinson, Jr., Blast Effects of Bomb Explosives , PA Technical Dlv Lecture, v 

9 April 1948. " w 

(h) Also see the following Plcatlnny Arsenal Technical Reports on Mlnol-2: 1585 and 1635. 
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% 

Oxidizing agent (Aisnonium 
Perchlorate) 


35-0 


Aluednun, atomized 


26.2 


Cupric Oxide 




Magnesium, atomized 


26.2 


Other Ingredient (Qtetryl) 


9.7 


Calcium Stearate 


1.9 


Graphite, artificial 


1.0 



C/H Rotk> 



Melotelar Weight: 



40.6 



Oxygen Mmn: 

CO, % 

CO % 



-44 

-37 



Density: gm/ee 



Pressed 



2.0 



Matting Point: °C 



Freezing Point: *C 



Impact BonettM t y , 2 Xf Wh 
Bureau of Minos Apparatus, cm 
Sample Wt 20 mg 
Picatinny Arsenal Apparatus, in. 
Sample Wt, mg 



: *C 



13 

22 



Refra c tion Index, n» 
no 

n» 



-ol * A--B T^A, 

rfHllB* I oof * 

Steel Sloe 
Fiber Shoo 



Detonates 

Unaffected 



Mb Ballet Impact Test: Trials 

% 

Explosions 
Port lots 
Burned 
Unaffected 



Vacuum Stability Teat: 

cc/40 Hrs, of 
90‘C 
100*C 
120’C 
I35*C 
150*C 



0.47 



200 fisane Bomb lead Test: 

Sand, gm 



10.6 



Seconds, 0.1 (no cap used) 
1 
5 
10 
15 
20 



285 



S e ae l tMty to leitie t iee: 

Minimum Detonating Charge, gm 
Mercury Fulminate 
Lsod Aside 
Tetryl 



0.20 

0.25 



Ballistic Matter, % TNT: 



Treed Test, % TNT: 



7S*C Inte rn ation a l Hoe: Test: 

% Loss in 48 Hr* 
Discoloration, fumes, odor 



None 



100'C Meet Teat: 

% Loss. 1st 48 Hrs 
% Lou, 2nd 48 Hrs 
Explosion in 100 Hrs 



0.10 

0.01 

None 



Plate Dent Teat: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 



F l amm a bility Index: 



Hygro scopi c fry: % 



Volatility: 



Baton etien Rote: 

Confinement 

Condition 

Chorge Diameter, in. 
Density, gm/cc 
Rote, meters,' second 













90 mm Ml. MH Fta j acHla. let WC-91: 

Density, gfti/cc 
Charge Wt, lb 

T^al U> mA fniM 

For TNT 
For Subject HE 

3 inch HI, M42A1 Projectile, Ut KC-S: 

Density, gm/cc 
Charge Wt, lb 

Tefal He. at Fro ge nets : 

For TNT 
For Subject HE 



F r egeseet Velocity: ft/sec 
At 9 ft 
At 25% ft 

Density, gm/cc 



Meet (Relative la TNT): 
Air: 

Peak Pressure 

Imoutse 

Energy 

Air, Ceefieed: 
Impulse 

Under Water: 

Peak Pressure 

Impulse 

Energy 

Undorgroaod: 

Peak Pressure 

Impulse 

Energy 



Shaped Charge IHecHreeees. THT = 100: 

Gloss Cones Steel Cones 

Hole Volume 
Hole Depth 


Color: Grey powder mixture 


Friedpel Usee: Smell caliber antiaircraft 


project! lea 










Pressed 


Leading Oeeeily: gm/cc 






At 30,000 pei 




2-0 


Storage: 






Method 




Dry 


Hoxord Class (Quontity-Distonce) 




Class 9 


Compatibility Group 




Group I 


Bureau cf Explosives Classification Class A 


Exudation 






Heat of: 






Combustion, cal/^m 




1*087 


Explosion, cal/gm 




2087 


Gas volume, cc/gm 




212 


Performance Teats: 






20 mm T215E1 Projectile: 






IfFOC Pressure Cube 




35 


APG Blast Cute 




1*0 


Activation Energy: 






keal/mol 




12-5 


Temp, °C 


30C 


to 380 


Time to Ignition, seconds 


OO 

l- 


x 10' ft 














rm»ii»mi ■ Tut 

M mm HI. M71 PrejeatUa, Let WC-*1: 

Dimity, gm/cc 

Charge Wt, ib 

Tetel N*. af bnnH : 

For TNT 
For Sub|«t HE 

I Ml HI, M42A1 Pi ej a cHl* , Ur KC-S: 
Density, gm/cc 
Chorg* Wt, tb 

T*t*l N*. af F reg a taa t s : 

For TNT 
For Subject HE 



Frigwiat Y ala clt y: ft/sac 

At? ft 
At 22 Vi ft 

Damity, gm/cc 



Meat O ila H r t t* TNT): 



Ain Bar* Charge: 


EW» 


EV* 


Peak Presrur* 


1.02 


1-3* 


Impulse 

Energy 


1.08 


1.41 


Density, gm/cc 

Air. CeaWsed: 
Impulse 




1.96 


Cosed Charge in Air:** 


Peok Pressure 


1.09 


1.44 


Impuls* 


1.16 


1-5? 


Biergy 


— 


— 


Density, gm/cc 

Uadargreaed: 

Peok Pressure 
Impuls* 

Energy 




1.98 


*EV, equivalent weight as 


compared to TUT; 


Ev , equivalent volume as 


compared to TNT. 



•■•Strong paper-base phenolic case. 



Shaped Cherga If f ac tN aaae i , TNT = 100: 



Gloss Corns Steal Cones 

Hole Volume 
Hoi* Depth 



Cabr: 


Gray 


Principal Uses: HE filler for snail 

projectiles 


caliber 


of s 


Pressed 


Leedtag Peaslty: gm/cc 


2.0 







Method 


Dry 


Hazard Class (Quantity-Distance) 


CUes 9 


Compatibility Group 
Bureau of Exploeivee Class A 


Group I 


Exudation 


None 


Heet of: 




Combustion, cal/gm 
Explosion, cal/gm 
Gas volume, cc/gm 


4.84 

l4v? 

22'. 


Performance Teste: 

20 on T21$E1 Projectile: 




IiTOC Pressure Cube 
APG Blast Cube 


29 

30 


Aviation Energy: 




Kcel/mol 


7.6 



Temp, & C 31*0 to 470 

Time to Ignition, seconds I. 39 x 10' 2 
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Effect of Altitude, Charge Diameter and Dupree of Confinement on Detonation Velocity 

(Reference g) 



Slim.’ la ted Altitude, 




One-Inch Column 
Confined Uncocflned 

m/a m /* “ 



Tvo-Inch Column 
Confined Unconflned 
m/a ' m/a “ 



a 

p 


Ground 


i 


vrso 


i 

i 


« 

t 


30,000 


! Charge would not 


**530( 3) 


Charge uouldE 


► 


60,000 


prorogate detonation. 


U30 


not propa- 
gate detona- 


» 

i 

% 


90,000 


i 

i 


1(290 


tion. 


a 


Average 




W95 





•Confined charge In l/h " steel tube, AISI 1015 Beamier* , 1” diameter 18" long, and 
2" diameter 7" long. All ceana vara determined from seta of five values unless 
otherwise Indicated by ( ). A 26 gm tetryl booster was uaad to Initiate each charg: 



Average Fragment Velocity at Various Altitudes* (g) 
i ' 1 Slcaileted Altitude, F« 



Explosive 


I Charge Diameter, 
1 Inches 


MDX-2B, 


i 1 


density. 




gm/cc 207 


2 



FjBZ 



M0X-2B, I 1 2012 ! ** | 

density, 

gm/cc 207 2 3 Si’ 3331 

•Outside diameter 2. 5**"; Inside diameter 2.0k"; length 7”. 
••Charge would not propagate detonation. 
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MOX-3B 



Oxidizing agent (Potassium Nitrate) 
Aluminum, atomized 
Cupric Oxide 
Magnesium, atomized 
Other ingredients* 

Culclum Stearate** 

Graphite, artificial** 

*29-151 RDX, 0.95! wax, and 2.05! TNT. 
**Per cent ad led. 

Impact Sensitivi t y . 2 Kg Wt: 

Bureau of Mines Apparatus, cm 
Sample Wt 20 mg 

Picatirmy Arsen a 1 Apparatus, in. 17 

Sample Wt, mg 2U 



Molecular Weight: 



Friction P endul um Test: 

Steel Shoe 
Fiber Shoe 



Unaffected 

Unaffected 



Rifle Bullet Impact Teet: Trials 




Expiations 

Partials 

Burned 

Unaffected 


% 




lupleeleu Temperature: 

Seconds, 0. 1 (no cop used) 
1 
5 


•c 




5*iO 




10 






15 






20 






79*C Internet la ael Heat Teet: 

% Loss in 48 Hrs 
Diacoloratlon, fumes, 


odor 


None 


100'C Hast Tael: 






% Loss, 1st 48 Hrs 




0-35 


% Loss, 2nd 48 Hrs 




0, 13 


Explosion in 100 Hrs 




ii'one 


Flammability Index: 


Hygraecaplclty: % 



Oxygen Balance: 

CO, % 

CO % 


-52 

-L3 


Density: gm/cc Pressed 


2.0 


Making Paint: °C 


Fraccing Paint: "C 


Roiling Point: *C 


Refractive Index, n£ 




nS 








Vecnnm Stability Teet: 




cc/40 Hrs, at 




90*C 


-mm. 


I00*C 


0.57 


120“C 




I35*C 




150"C 




200 Cram Bomb Sand Test: 




Sord, gm 


33-8 


IwllhltM Cm Imltlmtlmm 
NMnITCj IV IVWTVelVW* 




Minimum Detonating Charge, gm 




Mercury Fulminate 




Lead Azide 


0.20 


Tetryl 


0.15 


ieUt.d Mortar, % TNT: 


Trams! Teet, % TNT; 


Plate Dent Teat: 




Method 




Condition 




Confined 




Density, gm/cc 


1 


Brisonce, % TMT 


1 



Volatility: 



Pe r ce et iea Rota: 

Confinement 

Condition 

Charge Diameter, in. 
Density, gm/cc 
Rote, meters/second 



218 




NmN(, M71 Prejectile, La* WC-91: 

Density, gm/cc 
Charge Wt, lb 

Mu laaaiaaal(> 

% Vi iiV^MWnit 

For TNT 
For Subject HE 

3 lack Hi, M42J.1 Projectile, La* KC-5: 

Dansity, gm/cc 
Charge Wt, lb 

Tatel Ha. of Fra gn a ti : 

For TNT 
For Subject HE 



Frogmen* Velocity? ft/sac 

A* 9 ft 
At 25% ft 

Density, gm/cc 



Meet (Ralatfvote TNT): 

Air. 

Peak Pressure 

Impulse 

Energy 

Air, Confined: 
Impulse 

Unde r Water: 

Peak Pressure 

Impulse 

Energy 

Peak Pressure 



Seeped Charge Effectfr cnees, TNT = 100: 

Glass Cones Steel Cones 

Hole Volume 
Hole Depth 



Ceier: Gray powder mixture 



Principal Usee: Small caliber antiaircraft 

projectiles 





Preened 


Lesding Density: gm/cc 




At 30,000 psi 


«*, 2.0 






Method 


Dry 


Hozord Class (Quontity-Distancn) 


Class 9 


Compatibility Group 


Group I 


Bureau of Explosives Class A 


Heat of: 




Combustion, cal/gm 


**331 


Explosion, cal/gm 


980 


Ges volume, cc/gra 


232 


performance Tests: 




So mm T5I5E1 Projectile: 




NF0C Pressure Cube 


37 


APtl Blast Cube 


52 



i 



Impulse 

Energy 



Activation Energy: 

kcal/mgl 
Temp, °C 

Time to Ignition, 
seconds 



Values not Included 
due to erratic Ig- 
nition under condi - 
tlona of test. 
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" 1 


% 




Oxidizing agent (Barium Nitrate) 1 6 


Aluminum, atomized 


50 


Cupric Oxide 


-- 


Magnesium, atomized 


-- 


Other ingredients* 


32 


Calcium Stearate** 


2.0 


Graphite, artificial** 


1.0 


*29-1$ RDX, 0.9$ vex, and 2. 
**Per cent added. 


0< TNT. 


Impact fcasMvky, 2 Kg W»: 


78 


Bureou of Mines Apparatus, cm 


Semple Wt 20 mg 
Picatinny Arsenal Apparatus, in. 


18 


Somple Wt, mg 


26 


Piktiea Peodolmo Test: 




Steel Shoe 


SperkB 


Fiber Shoe 


Unaffected 


RMIe Ballet Impact Teet: Trials 




% 




Explosions 
Port io is 
Bunted 
Unoffected 




lepleelee Tempemtere: *C 

Seconds, 0.1 (no cat' used) — 
1 

5 6l0 




10 




15 




20 




7J*C tetereeMoeel Heat Teet: 




% ' *s in 48 Hrs 
Discoloration, furaea, odor 


None 


100’C Heat Test: 




% Loss, 1st 48 Hrs 


0.22 


% Lots, 2nd 48 Hrs 


0.12 


Explosion in 1 00 Hrs 


None 


Flammability .edex: 


Hygramapkity: % 


Volatility: 



Molecular W*V*»,: 



Oxygen Baleecei 

CO, % 

CO % 



Preaeed 



P ant tty: g ,,'cc 



MeMeg Petof: *C 



Pso««i>? feint: ’C 



MM* ”C 



Wwctl x IWn, Km 



V mAuuM Ca^LIIIAm 

KvWn JVvW FI J IflKi 

cc/40 Hrs, of 
90‘C 
100’C 
I20’C ' 

I35’C 

I50*C 



300 Gtn Bomb Smmd T«h 

Send, gm 



SemeitMty to loitietiea: 

Minimum Detonating Charge, gm 
Mercury Fulminate 
Leod Azide 
Tetryl 



Bcflittic Matter % TNT: 



Trees! Teet, % TK 



Plate Beat Teet: 

Method 
Condition 
Confined 
Density, gm/cc 
Britonce, % TNT 



P eteee t lee tete: 

Confinement 

Condition 

Charge Diometer, in. 
Density, gm/ce 
Rote, meters/second 

























■****■ 



MCX-^B 



AMCP 706-177 




Molecular Weight: 



*»3 



Oxidizing agent 
Aluminum, atomized 
Cupric Oxide 
Magnesium, at.mi.ieJ 
0’ her ingredients* 

Calcium Stearate 

Graphite, artificial 

*26. T* RDX coated, C.yt wax. 

C/H Rotio 



Impact Sensitivity, 2 Kf Wt: 

Bureau of AVnes Apparatus, cm 
Sample Wt 20 mg 
Picotmny Arsenal Apparatus, in 
Sample Wt, mg 



Oxygen lets ace: 

CO - % 

CO % 



Density: gm/cc 



Metrisf Pei at: °C 



Freezing /eint: *C 



Boiling Feint: *C 



Rtfroctrrt Index, n» 



Friction F onda hm» Text: 

Steel Shoe 
Fiber Shoe 



Rifle toilet Impact Text: Tricls 

% 

Explosions 

Portials 

Burned 

Unaffected 



Explosion Tom pc. attire: ’C 

Seconds, 0 1 (no cop used) 

I 

5 510 

10 



7S*C 8 ate rust ic s ol Meet Text: 

Loss in 48 Hrs 

Ji acolorat i on , fumes . odor 



lty-'C Meet Text: 

% Lots, 1st 48 Hrs 
‘v Loss, 2nd 48 Hrs 
Explosion in 100 Hrs 



Flammability Index: 



Hygreeceplclty: % 

jO°C , 90 % RH , two week: 



Unaffected 

Unaifected 



0.02/10 gm 
Kor.e 



Vacuum Stability Text: 

Cc/40 Hrs, Ot 
90“C 

100*C 

I20=C 



200 Gram Bomb S*sd Test: 

Send, gm 



Sansitiyity to Initiation: 

Minimum Detonating Charge, gm 
Mercury Fu! ninutc 
Lead Azide 
Tetryl 



Ballistic Matter, % UT: 



Tteaxl Text, % TNT: 



Plata Dent Text: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 



Detenatien Rate: 

Confinement 

Condition 

Charge Dion icter, in. 
Density, gm/cc 
Rote, Meters/second 







Sk«H Chary* IH*c H t«h« h . TNT .= 100 : 



Glass Corves Stc*l Con** 

Hoi* Volum* 

Hole Depth 



Color: 



Gray povder mixture 



friacipal Ueae: Small caliber antiaircraft 

projectiles 



M e t hi4 *f Leedlag: 



Pressed 



F r*gn* t Velocity: ft/sec 
At 9 ft 
At 254 ♦» 

Density, gm/cc 



lien* (Ralatr.* TNT): 



At r. 

Peak Pressure 

Impulse 

Energy 

Air, C w H s H : 

Impulse 

Under Water: 
Peak Pressure 
Impulse 
Energy 



Uedot g roeod: 

Peak Pressure 

Impulse 

Energy 



lei fa i Pe— Hy: gm/cc 

At >0,000 psl ~2.0 



Storage: 



Method 


Dry 


Hazard Class (Quantity-Distance) 


Class 9 


Compatibility Group 


Grc p X 



Bureau of Explosives 
Class A 



Heat of: 



Combustion, cal/gm 
Explosion, cal/gm 
las volume, cc/gm 

Actlvatlor. Energy: 

kcal/mgl 
'emp, C 

rime to I gr.lt I on, 

seconds 



1*293 

750 

£Oi* 



Values not Included 
due to erratic Igni- 
tion under conditions 
of test. 



I 
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HOX-l; MOX-2B; MOX-35; MOX-bB; M0X-6B 



Prepare tlon: 

The various ingredients used in the preparation of MOX explosives are coated separately as 
follows: 

Pi chroma ted Atomized Aluminum - Seventy-five grams of chemically pure grade sodium dlchro- 
nate is dissolved in 1500 milliliters of water at 100°C under mechanical agitation. Six hun- 
dred grams of the atomized aluminum powder is added gradually (2 to 3 minutes) and stirring 
Is continued for half an hour. The dichrooated metal is filtered, washed vith water (15 to 20 
times) until the washings show only a slight cloudiness with silver nitrate. The water-wet 
product is then dried in an oven at 50°C. The dried aatarial is hand-rolled to reduce any 
conglomerates, and blended before use. 

Wax-Coated BOX - Eighteen grams of molten Be Square Special Wax (manufacturer „ l8o° to 
185 Fahrenheit grade amber) is added to 582 grams of finely divided RDX (water precipitated 
from acetone solution) in a water slurry under mechanical agitation. The temperature of the 
wax- RDX slurry Is maintained above the melting point of the wax (about yO°C). The atirring 
is continued for half an hour. After cooling to 50°C, the wax-coated RDX la recovered by 
filtration in a Buchner funnel and dried in air. The RDX thus coated and presumed to be jf, 
waxed RDX or a 97/3 RDX/ wax mixture ia hand-rolled to crush any conglomerates formed, and 
blended by hand before use. 

TOT- Coated Barium Hit ra te - Thirty grams of TNT in alcohol solution is added to 270 grama 
of barium nitrate in an alcohol slurry under agitation. The temperature of the TKT-barlum 
nitrate mixture is maintained ut 80°C and stirring is continued until most of the alcohol ts 
evaporated. The coated material is spread in a thin layer on a tray to dry in air overnight. 
Hie barium nitrate thus coated with 10 i TNT ia reduced to an intimate mixture by hand- rolling 
ard blending before use. 

TOT- Coated Potassium Nitrate - The 'TOT- coated potassium nitrate is prepared by the same 
procedure as is used Tor coating barium nitrate. 

/ TDX/TOT-Coated Awaonlum Perchlorate - The ammonium perchlc-" "e is coated by dissolving the 
appropriate weights of RDX and Bff in hot f ' **.ohol* After add., j the ammonium perchlorate, 
th*. ’’ rry is stirred until most of the solved, .a evaporated. The treated ammonium perchlo- 
rate spread on a tray to dry overnight. Agglomerates formed during the process are crushed 
by hand-rolling and blending th* mixture before use. 

'TOT-Coatcd^rox - Sixty grams of rolten TNT are added to a water slurry of 5b0 gram.* of 
finely divided RDX (water precipitated from acetone solution) under mechanical agitation. 

The temperature of the TKf-RDX slurry is maintained at about 90°C and stirring is continued 
for half au hour. After cooling to about 50°C. the TOT-coeted hDX is recovered by filtration. 
The RDX thus treated, and presumed to be 1C$ coeted or a 90/10 RDX/TNT mixture, is further 
blended Oy hand after rolling to crush any aggregates formed during the process. 

'The MOX explosive mixtures are prepared by blending the appropriate weigh* s oi the dr/ 
ingredients ir. a Patterson-Kelly twin-shell blender for at lent 30 minutes. 



Origin: 

MOX tyne explosive mix'- res were developed beginning in 1950 by Rational Northern, techc.1- 
rol division of the National fireworks Ordnance Corporation, West Hanot er, Massachusetts. 



f 



:!'J4 






1 



J 

I 



- 1 , 



MOX-1: MOX-2B: HOX-3B; MOX-kB; MOX-63 
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Report NFCC-6, Navy Contract N0rd-li3^i> National Firevorks Ordnance Corporation, December 1952. 
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Velocity Determinations and Fragment Velocity Determinations o £ Varied Explosive Systems 
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(i) Also see the following picatlnny Arsenal Technical Reports on MOX Explosives: 1935, 

1969, 220k. 2205- 



°See footnote 1, y. 
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Nitrocellulose, -2.6 



C 26.1*6 
H 2.7% 
N 12.60 
0 58.16 
x-ono 2 



C/H Ratio o.23 



Impact SmiMrltf, 2 Kg Wt: 

Bureau of Mines Apparatus, cm 8 
Sample Wt 20 mg 

Picatirmy Arsenal Appamtus, in. 3 
Sample Wt, rig 5 



Friction Pondulam Test: 

Steel Shoe 
c 't«r Shoe 



RiHn Ballot Impact Teet: Trials 

% 

Explosions 

Partiols 

Burned 

Unaffected 



Ixplosie* Temperature: °C 

Seconds, 0.1 (no cop used) 

1 

5 Decomposes 170 

10 
15 
20 



75'C I ate motional Heat Test: 

V Loss in 48 Hrs 

100’C Hoot Test: 

% Loss, 1st 48 Hrs 
% Loss, 2nd 48 Hrs 
Explosion in 100 Hrs 



Flammability lodes: 



Hygroscopic ity: % 30°C, 90% PH 



Volatility: 60°C, mg/cm £ /hr 



Msteculer Weight: 


(2T2.39) n 


Orygea Fxleace: 




CO.. % 


-35 


CO % 


0.6 


| Density: $m/cc 


Matting Paint: *C 


Decomposes 


Pressing Paint: *C 


Boiling Paint: ’C 


Refrectrre Indus, n» 




n» 








Vacuum Stability Test: 




ec/40 Hrs, ot 




90 'C 


0.17 


1C0*C 


1.0 


120 3 C 16 hours 


11. + 


135*C 




150‘C 




200 Gram Bomb Sand Tost: 




Sond, gm 


1*5.0 


Sensitivity to Initiation: 




Minimum Detonoting Chorge, gm 




Mercury Fulminate 




Leod Aside 


0.10 


Tetryl 




Ballistic Mortar, % TNT: 



Trausl Test, % TNT: 

Plate Dent Test: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 



Detoaotioa Rate: 

Confinement 

Condition 

Chorge Diameter, in. 
Density, gm/cc 
Rate meters/second 


















Nitrocellulose, 13- ** 
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o 

X-ONO 2 



C/H Ratio 0.23 



I f ft ie e s lttvttv. 2 Kg Wt: 

Bureau of Mines Apparatus, cm 9 
Sample Wt 20 mg 

Picatinny Arsenal Apparatus, in. 3 
Sample Wt, mg 5 



FrktWe Mshw Test: 

Steel Shoe 
Fiber Shoe 



Rifle Relief Imped Ted: Trials 

% 

Explosions 

Partials 

Burned 

Unaffected 



Ixp l esio n Temperefere: °C 

Seconds. 0.1 (no cop used) 

1 

5 230 

10 
IS 
20 



73'C Ufensefioeel Meet Teel: 

% Loss in 48 Hrs 



IU0‘C Heef Ted: 

% Loss, 1st 48 Irs 0. 3 

% Loss, 2nd 48 Hrs 0.0 

Explosion m 100 Hrs Hone 



Flemetebtlr’v Index: 



Hygi oetepk lty: % 30°C, 'K)/> RV ~ £ 



Volatility: 60°C, ng/ca 2 /nr 



Meieceler Weight: 


(f66.3»i) n 


Oxygen Relents; 

CO- % 

CO % 


-29 


j DtMlfy: gm/cc | 


Melting Paint: "C 


1 

Decomposes j 


Freezing Point: *C 


Roiling Point: *C 


Pefrectrre Index, n» 




«n 








Vnceem ' 'Mty Ted: 

CC/40 H.s, ot 
S0°C 


O’. 1*2 


lOO'C 


1.5 


120"C 


11. + 


135“C 




150’C 




200 Otem tome Send Ted: 

Sond, gm 


49.0 



Sensitivity to Inmnfien: 

Minimum Detonol.ng Chorpe, pm 
Mercury Fulinin <-.* 

Lead Azide 



IniUshc Msrter, % rNT: 



Trees! Ted, % TNT: 




Piste tent Ted: 

Method 
Condition 
Confined 
Density, gm/cc 
Bnsonce, % TNT 




(iMnanSing Intel 

<. .onfmement 
Condition 

Charge Diameter, in 
Density, gm/cc 


1.20 


Rote, meters/secood 


7300 
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N iirocellulose. ll* . 14$ N (lie 



C 21*. 25 
H 2.3T 

N lfc.lA 

0 59-21* 



C/H Ratio 0.23 



If «tt Sensitivity, 2 Kg Wt: 

Bureau of Mines Apparatus, cm 8 
Sample Wt 20 mg 
Picatinny Arsenal Apparatus, in. 3 
Sample Wt, mg 5 



Moiecalar Weight: 


(297.15) n 


Oxygen Balence: 




CO; % 


-21* 


CO % 


6 


Density: gm/cc 


1.65-1.70 


Matting Paint: J C 


Decomposes 


F reeling Paint: *C 


Bailing Point: ‘C 



Refractive Index, n™ 



Frktioa Pendulum Test: 

Steel Shoe 
Fiber She- ■ 



Rifle Is) let Inspect Test: Trials 

% 

Explosions 

Portion 

Burned 

Unaffected 



Seconds, 0.1 Inc cop used) 



Veriinm Stability Test: 

cc/40 Hrs, ot 
90"C 

'00“C ll* hours 

1.' VC 16 hours 

135 C 
I5VC 



209 Cram Bomb Send Test: 

Sand, gm 



Sensitivity to Ini ti ation: 

Minim' >rr. Detonating Charge, gm 
Mercury Fulmmc'e 
Leod Aside 



7S*C Interaetianai Heat Test: 

% Loss in 48 Hrs 



100’C Heat Test: 

% Loss, 1st 48 Hrs 
% Loss, 2nd 44 Hrs 
Explosion in 100 Hrs 



Flammability Index: 




Hygrascapicity: % 30°C, 90£ SH 


-r 1 



Volatility: 60°C, mg/cm /h r 



Ballistic Mortar, % TNF: 



Trauxi Test. % TNT: 



Plata Dent Test: 

Method 
Condition 
Confined 
Density, -m/cc 
Brisonee, % TNT 



Detanetiaa Rate: 

Confinement 

Condition 

Chorge Diometer, in 
Density, gm/cc 
Rote, meters/secona 



1 
























Nitrocellulose (NC 
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Tm(! 

60 mm HE. M71 Projectile, Let WC-*1: 

Density, gm/cc 
Charge Wt, lb 

Tefal N*. ol F re swee t s : 

For TNT 
For Subject HE 

3 inch HE, M42A1 PrejecHle, Let KC-S: 

Density, gm/cc 
Charge Wt, lb 

Tetel He. ef Fregessnti: 

For TNT 
For Subject HE 



F r a g ment Velocity: ft/sec 
At 9 tt 
At 25 Vifr 

Density, gm/cc 



I lest (EeleHre te TNT): 
Air: 

Peak Pressure 

Impulse 

Energy 

Air. Cenfiao' 

Impulse 

Under Woter: 

Peak Pressure 

Impulse 

Energy 



Peak Pressure 

Impulse 

Energy 



SHeped Ckerge EWccthrcaeci, TNT = 106: 


Glass Cones 


Steel Cones 


Hole Volume 
Hole Depth 




C*|o r. 


Vuite 


Ptieclpei Uses: Pyroxylin (l2jb N) . blasting 

explosives; pyrocellulose (12.60$ H), 
smokeless powder; guncotton (13. 35$ N 
minimum), propellants 


Motfetd •# Laadfef : 


leedlng Density: gm/cc 






Method Vet 

(8$ to 30$ wa-cr) 

Hazard Class (Quantity-Distance) Class 12 


Compatibility Group 


Group M 
(wet) 


Exudation 


None 


Heat of: 




Combustion, cal/jm P.U09* 
Explosion, cal/gm 855* 

Cas Volume, cc/gm 919* 
Fortation, cal/gm 617* 


2313** 2228 *** 

965** 1058 *** 
883 ** 853 *** 

561 ** 513*** 


* 12,6$ N 
** 13.1*5$ N 
*** ll*,ll*$ N 




Vapor Pressure: 




°_C 


am Mercury 


25 

60 


0.00 

0.00 



4 
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Nitrocellulose (NC) 






Solubility in Vteter, gm/100 gm, at: 


~ 12 . 6 * N 


13.45* N 


14.0* N 


25°C 

6o°c 


Insoluble 


Insoluble 


Insoluble 


Insoluble 


Insoluble 


Insoluble 


Solubility, pm/ 100 gm, 25°C, in: 


Ether 


Insoluble 


Insoluble 


Insoluble 


Alcohol 


Very slight- 
li soluble 


Practically 

insoluble 


Insoluble 


2: 1-Bther iAlcohol 


Soluble 


Slightly 
soluble 
( 6 *- 11 *) 


Practically 
insoluble 
(1 - « 


Acetone 


Soluble 


Soluble 


Soluble 


24 J-Hour HyCrolysls Test, 
* Mtric Aci- 


1.22 


1.03 





Prepare 



tlon of Nitrocellulose from Cotton Lin -ere: 
oratory Procedure) 



Miration; Second cut cotton linters, previously dried to a moisture content of ieoa than 
0.5*, are nitrated by inaersion in mixed acid under the following condi tiona: 

Ratio of Mixed Acid to cotton 55 to 1 

Composition of Mixed Acid (approximate) 

a. for 12.6* H: HgSOi; 63 . 5 *, HN0 3 21*, HgO 15-5* 

b. for 13.4* N: HgSOjj 68 *. HSO 3 22*. H 2 0 10.0* 

Temperature of acid at the start 3t°C 

Time of nitration 24 minutes 

IXiring the nitration period the mixture is turned over occasionally tc, keep the acid homo- 
geneous. The mixture is then filtered on a Buchner funnel with suction for about three min- 
utes and then drowned rapidly with strong hand stirring in at least 50 volumes of cold vt ter. 
After the nitrocellulose has settled, most oi the water is decanted and freBh water added. 

The nitrocell lose-water mixture is boiled and the acidity adjusted to 0.25* to 0-50* as Ho SO;. ■ 
The sour boil la continued for at least 24 hours for pyrocellulose and at least 40 hours for 
gun-cotton. Additional boiling with changes of water are made in accordance with the govern- 
ing specification (JAN-N-244). 

nitrocellulose is then pulped in a laboratory Holland type puper beater. 

Enough sodium carbonate is added to keep the reaction faintly alkaline to phenolphthalein. 
Pulping Is continued to the desired degree of fineness. 

Poaching: After washing the nitrocellulose from the beater, the mixture Is filtered and 
the product boiled for k hours with fresh water while stirring mechanically. From time to 
time a little codivia carbonate solution is added to maintain the mixture faintly Ikaline ’ > 
phenolphthalein. The water is decanted and the boiling continued. According to the specifi- 
cation, the total boiling treatment with poachii Is as follows: 



230 









Nitrocellulose (HC) 
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1 * hours boiling with or without sodium carbonate 

2 hours boiling without sodium carbonate 

1 hour boiling without sodium carbonate 

1 hour boiling without sodium carbonate. 

Each boil is followed by settling and change of water. 

Washing- The nitrocellulose is then washed by mechanical agitation with water. A minimum 
of two waati ' e s are given. If a sample taken after the water washes gives a minimum test of 
35 minutes in the 65-5°C Heat Test and 30 minutes in the 13^5°C Heat Teat, the nitrocellulose 
is satisfactorily stabilized. Otherwise additional washes should be g.ven. 

Origin: 

Cellulose occurs in nature, It is wood fiber, cell wall and the structural material of all 
plants. Cotton fiber is pure cellulose. Nitrocellulose was discovered about 184T by C. F. 
Schonbein at Basel .d H. Bcttger at Frankfort-on- the-Main Independently of eacn other when 
cotton was nitrated. T. J. Pelouze had nitrated paper earlier (I& 38 ) and was probably the 
first to prepare nitrocellulose. 

Pyroxylin or collodion, which is soluble in a mixture of ether and ethanol, contains from 
8# to 12% nitrogen. It is used in the manufacture of celluloid and in composite blasting 
explosives. 

Pvrocellulose, a type of nitrocellulose of 12.6$ nitrogen content, con?;. ’y soluble^iu ^ 
mixture of 2 parts ether and one part ethanol, was developed tv Mendeleev ( ,i-lo95/. J-his 

material, when colloided, formed the first smokele-u powder for military use in the ’united 
States ( 1898 ). 

Guncotton for military purposes t ,.y contains a minimum of 1J. 35$ nitrogen.^ I- is only 
slightly soluble in ether-ethanol, but completely soluble in acetone. Principal use is in 
flashless powders and as flame carriers. 1^.1^$ N nit: ocellulose represents a theoretics^ 
limit. 

In the nmnufacture ~f propellants, there is used a mixture of pvrocellulose and guncotton 
(b’-’-ieri nitrocellulose ) of i;.15$ to 13-25$ nitrogen content. 

restriction by Chemical Decomposition: 

Nitrocellulose is decomposed by adding it, with stirring, tc 5 times its weight of 10$ 
sodium hydroxide heated to 70°C. Stirring is continued for 15 minutes after all the nitro- 
cellulose has been added. 

References:* * 7 

(a) see the follow ! ra Pi cat! nr./ Arsenal Technical Reports on Nitrocellulose: 



‘■* 7 See foot note 1, page 10. 
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15.9 H.C — OHO, 

2| 2 

2.2 HC — 0»0„ 



H J «■ 



o 63-4 

C/HRotie 0.109 



tapMl li wI l Mhi , 2 Kg Wt: 

Bureau of Mi n't Apparatus, cm 
Sample '**. 20 mg 

Picotirmy Arserol Apparatus, in. 1 lb vt 
Sample Wt, mg 



Meteceter Weight: (c^.il,0 Q ) 


227 


Osygee tstinri: 




CO, % 


3-5 


CO % 


24.5 



MsHea fteadahan 

Mil yvt 

Fiber Shoe 


Test; 




Explodes 


RMe BeNst hsgee 


Test: 


Trials 








lb 




Explosions 




100 




Porttols 




0 




Burned 




0 




1 * 11 J 

UfKITTVCTM 




0 




1 f phtfa i Tiwpiwtin; 


•c 




Seconds, 0.1 (no cap used) 




1 

S Explodes 


222 




10 








15 








20 








78* : latere etteaU 


Heat Test; 




9 Lou in 48 Hrs 






180* * HeutTeeh 








% Lou, 1st 48 H/s 




3-6 


% Lou, 2nd 48 Hrs 




3-5 


Exp osion in 100 Hrs 




Nona 


| FImmb iWSty l«4n: 




30°C, 


90* RK 


0.06 



gm/ce £5°C, liquid 
20°C, Uauld 



*r Labile form 
Stable form 



Deco^oses 



R» 

R» 

Rm 



Vesaou IteWBty Tests 

cc/40 Mrs, at 

»*C ee/ga/6 hrs 
100'C ec/gn/l6 hra 
120‘C 



145 



1.4732 

1.4713 



NImiMWTm 

Send, gm Liquid Method 



Minimum Detonoting Charge, gm 
Mercury f ulm inete 
Lead Aside 
Tefryl 



BeMstis Master, « TNT: 


(•) 


l4o 


Treed Trot, ft TMTt 


(4) 


181 


PtaH Dwt T«h 



Canditieri 
Confined 
Density, gm/ct 
Brhones, "6 TNT 



VetefRty: 6o°C, «rj/o»7hr 



Dstsnetisa lets: 




Confinement 


(31a 


Condition 


Uq 


Charge Diometsr, in. 


0.3 


Density, gm/cc 


1.6 


Rots, meters/seennd 


1600-1900 
























tester SeeeMvity Test: 


i 

i 

1 


io 17 * 3 


19.2 


Condition 


Oxygen, otoms/tec 


10 * 


Tetryl, gm 

Wo*, in. for 50% Detonation 


(Z/sec) 

Heat, kilocolorie/mole 
(AH, kcol/mol) 


1*1.4 


1*5-0 


Wo*, gm 


Temperature Ronge, *C 


90-135 


125-150 


Denw’ty, gm/cc 


Phase 


Liquid 


Liquid 



Meet of: 

Combustion, cal/gm 


l6l6 


Explosion, cal/gm 


l600 


Gas Volume, cc/gm 


715 


Formation, cal/gm M 


1*00 


Fusion, cal/gm " 

Detonation, cal/gm 


11*86 


SpecMk Hoot: col/gm/'C 




liquid 


0-356 


Solid 


0-315 


Beralag Role: 

cm/sec 



Anm Hat* Impact T«t. 



50% Inert, Velocity, ft/sec 
Aluminum Fineness 



Plate Th'ckness, inches 
I 

•>4 

I M- 

«** 

?erab Ony Test: 



-A 

■ MWMVi e^W^^MlTWy . 

col/sec/cm/'C 



C ae ff lcleat ef ^pwi ii 

Lmeo-, %/”C 



Volume. %/’C 




E', dynes/cm 3 
E. Ib/ineM 
Density, gm/cc 



Corapraeetra Strength: lb/ inch 1 



Vapor Pratewra: 

°C nm Mercury 




tm Mercury 


20 0.J0025 


60 


0.0188 


30 0.00083 


70 


0.043 


;L0 0.002L 


80 


9.096 


50 C.0C73 


90 


0.23 



17, 2000-% haFAiMM-netch) M *t CeacMte: 

Mo* Safe Drop, Ft 

S00-% General Nfftw le s t « Concrete: 

height, ft 
Trials 
Unaffected 
Low Order 
High Order 

1000-% General fnyeee lent « C— crate : 

Height, ft 
Trials 
Unaffected 
Low Order 
High Order 
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P 



V* 



T 



r 



Kltroslycerln fUQuld) 



Oea Evolved at Atmospheric Pressure, cc: 



Saif>le Wt. gm 




1.6 


■Psaperature, °C 


65 


75 


Tine, hours 


20 


-*0 


Volume of gas, cc 


nil 


nil 



Viscosity : (c) 

° C Oentlpolaea 



10 


69.2 


20 


36.0 


30 


21.0 


4o 


13.6 


50 


9.4 


60 


6.8 



Fragmentation T eat: 

20 «n HE, Jfcxk 1, Projectile, Total Ho. 
of Fragments for: 

Nitroglycerin 22 

Tfctranitrcnw thane 17 

Klnlnum Propagating Plame ter: (d) 




ithalate 




■ m piaeeter for 
■'llur /a in 
• - '.nrh«a 



0 

5 

10 

15 

20 

22.5 

25 



(j/16 Cairns) 

1/8 

lA 

3/4 

l 

1-55 



x/ll 

1/8 

■j/f/! 

„V 

HP 



■^Itlrlty to ,aectix.at«ji^.^^u 2 i^ j> . < ii 8< (teat Monition, un^onfined: 
no valua gran fSToSn^naamiTT — " * 



Solubility, great, of nltrogIycerln/100 an «) of: 



water 


Alcohol 


Trichlamthylene 


_C 




f!£ 


i 


fc 5 


15 


0.16 


0 


37-5 


Rm 22 


20 

50 


0.18 

0.25 


20 


54.0 



Oarboa Tatra chloride 
Rm 2 




Vw 





I 

ft 

* 

4 




2!t6 






< 



# 

V 
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AMCP 706-177 



Oerbon Disulfide 



ga/lOO go (?), at 25°C In 



_C 

Ambient 



i 

i 



Ether * 

2:1, Ether: Alcohol >100 
Acetone “ 



Soluble In all Proportions In: 



Methanol 

Acetone 

Ether 

Ethyl acetate 
Ajqyl acetate 
Methyl nitrate 
Ethyl nitrate 
Nitraglycol 
Tetrenitrodiglycerine 
Acetic add 
Benzene 
Toluene 



Phenol 

Pyridine 

Xylene 

Nitrobenzene 

p-Nitrotolusne 

Liquid nrr 

Chloroform 

Ethyl chloride 

Ethyl bromide 

Tetraehloroethyler.e 

W chloroe thy lene 

Tri inethyleneglycol lh.nl trate 



Solubility in BO. of: 



Alcohol 



2e i 



0 

20 

50 



3A 

5-1* 



HIT 

°s i 

20 ’5 



TNT Water 

20 30 25 



i 

0.06 



Preparation: 



CH, — OH 

f 2 

CH 



CH„ 



OH 

CH 



3HN0, 



CH, — CKO, 

I 2 2 



CH — 0R0„ 



+ 3H 2 0 



CH g — OKOg 



Glycerine la usually nitrated at 25°C, or below, by adding it very elovly to a veil agitated 
mixture of nitric and aulfuric adda, e.g., 1*0/59-5/0.5, nitric acid/sulfuric add/water, us- 
ing an acid/ glycerine ratio of approximately 6. Agitation of the rear don mixture le accom- 
plished by use of corap rened air. A rapid temperature rise, or appeararce of red fumes, auto- 
matically require! dumping of the charge, immediately, into a drowning veaael filled with 
water. After all the glycerine ha* been added to the nitrator, agitation and cooling are con- 
tinued until the temperature drops to about 15°C, and the charge la then run into a separator 
where the JIG riaee to the top, and is run off to the neutralizer. The nitroglycerin is 
washed first vith water, then with sodium carbonate, and finally with water. The resultant 
!C when washed with water, produces washings which do not color phenolphthalcln, and itself 
la neutral to litmus paper. 



ZVJ 



1 






F 



l 



I 




I 



\ 

K 
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Nitroglycerin {Liquid) 



Origin: 

Nitroglycerin was first prepared in 1846 or 1847 by Aseaaio Sobrero, an Italian chemist 
(Men Acad Torino (2) 10, 195 (1847)). For several years after this discovery, nitroglycerin 
attracted llttxe interest as an explosive until Alfred Nobel in 1664 patented liaprovementa in 
its manufacture and method of initiation (British Patent 1813 ) • Nohel gave the name dynamite 
to mixtures of nitroglycerin and ton-explosive absorbents, such as charcoal, siliceous earth 
or Kleselguhr (British Patent 1345 (1867)) later developments led to gelatine dynamites, 
ammonia dynamites, and so colled straight dynamites. The first propellants using nitrogly- 
cerin were called HaTllstlte (Nobel, British Patent 1471 (1888)) and Cordite (/be 1 and Dewar, 
British Patents 5614 and 11.6&4 (1889)) • 

Daatructlon by Chemical Decomposition: 

Nitroglycerin is decomposed by adding it slowly to 10 times its weight of 18$ sodium sul- 
fide (NB2S.9H20). beat la liberated by this reaction; but this la not hazardous if stirring 
la maintained during the addition of nitroglycerin and coatined until solution is complete. 

References; 48 

(e) A. 6. Blatt. Completion of Data on Organic Exp 1 carves , 03RD Report No. 2014, 29 Feb- 
ruary 1°44. 

(b) Fh. Naoum, Z gea Schlesa-Sprengatoffw , pp. l8l, 2.59, 267 (27 June 1932). 

(c) Lnndolt - Bernstein.- Phyalfallach-Chemlsche Tabellen, 5th Ed. (1923)* 

International Critical Tab lea. 

B. T. fe dor off et al, A Manual for Explosive Laboratories , Vol T-IV, Lefax Society, 
Inc., Philadelphia, 1943, 1946^ 

(d) H. A. Strecker, Initiation, Propagation and luminosity Studlea of Liquid Explosives , 

OSRD Report No. CS09, 3 December 1945- ' ” 

(e) Also see the following Pica tinny Arsenal Technical Reports on Nitroglycerin: 
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1 


2 


1 


4 


t. 


6 


7 


8 


2 


620 


5U 


652 


233 


454 


1155 


1206 


817 


768 


69 


660 


551 


672 


343 


494 


1235 


1456 


837 


1348 


249 


800 


701 


792 


673 


1024 


1955 


1496 


1197 


1398 


5T9 


1020 


891 


922 


903 


1074 


2015 


1556 


129 7 


1738 


709 


1150 


9H 


1142 


1023 


1084 




1616 


1637 


1918 


1349 


1210 


1031 


1232 


1443 


1454 




1786 


1817 


£096 


1359 


1410 


104l 


1362 


1643 


1524 




1816 


1847 




2119 


1620 


1151 


1542 


1663 


1624 




1896 








1680 


1191 


1662 


1863 


167^ 




2056 










1221 


16% 


1993 


1754 













l6ll 1742 

1651 1752 

1691 1992 

1731 
1781 
1851 
1931 
2021 
2181 
2201 



4^See footnote 1, page 10. 





I 




2 




I 



1 



2 M 



AXCP'/tt-m 



C U.5 NH 

H 3-9 HN— C 

N 53-8 ^ 

NC 

0 30.8 

C/H Rotio 0.038 



Impsrt ImHWH f. 1 Kg W»: 
Bureou of Minas Apparatus, cm 
Simple Wt 20 mg 
Picotinny Arsanol Apparatus, in. 
Sample Wt, mg 



Steal Shoe 
Fibs.' Shot 



(«) 

Unaffected 

Unaffected 



Teat: 5 Trials (e) 



Explosions 

Partial* 

Burned 

Unaffected 



Seconds, 0. 1 (no cap used) 

1 

S Ileeonposes 275 
10 
15 
20 



75*C la te re Usua l Heat Teat: 

% Lots in 48 Hrs 





(CH^N^Og) 


10 U 


OxyfM Iditcfs 






CO, % 




*31 


CO % 




- 3 . 5 .U 


Density: gm/c 


Crystal 


1.72 


an -1st. _ Dut-A. 

Mnsstltj rMVt Ve 




232 



* 1- - *- 1-« »/* 

• Ve 



Paint: *C 



100’C Heat Teat: 




% List, 1st 48 Hrs 


0.18 


% Loss, 2nd 48 Hrs 


C.09 


Explosion in 100 Hrs 


Hone 


Flammability lades: 


Hygraacapklty: % 30°C, 90l RH 


N ir.e 


«r a 

TVWHnf> 


Hone 



Refractive Index, n£ 
n» 

«m 






Vecaaat StsMSty Teat: 

cc/40 Hrs, ot 
90‘C 






100*C 




U.37 


I20"C 




C>" Wi 


I35*C 

I50*C 






200 Orem Bmab Scad Taet: 


Send, gm 




36.0 


Saatitirlty ts lalHatiaa: 


Minimum Ostonoting Charge, gm 




Mercury Fulminot* 
Lead Aside 




0.20 


Tetryl 




0.10 


led I Stic Mortar, % TNT: 


(•) 


104 


Tread Teat, % TNT: 


(b) 


101 


Plate Deal Teat: 


(e) 




Method 




A 


Condition 




Pressed 


Confined 




Ho 


Density, gm/cc 




1.50 


Brisonce, % TNT 




95 


Pataaatlaa Rota: 


(*) 




Con'inement 

Condition 

Charge Diomefer, in. 
Density, fm/ce 




1.55 


Rata, metert/second 




7650 
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n 

"•wr 



Hltroguanldlne 



Preparation; 

( Chemistry of Povder and Srplosir-ea , Davis) 



AKCP 706-177 



I 



j 

t 

L 



it 

t 

! 




v \ 

/ 

H„5 



hho 3 



Dehydration , 







*■ KH 



f 2 H 



Four hunt ed gas of dry guanidine nitrate Is added In small portions to 500 cc concentrated 
sulfhric add at 10°C, or below. Aa soon as all crystals have disappeared the milky solution 
is poured Into 3 liters of Ice-voter, and all owed to stand until crystallisation Is complete. 
The product Is filtered, rinsed with vater, and recrystallized from about 4 liters of boiling 
water, yield about 90%. 

Origin; 

Hltroguanl dine mi first prepared in 1877 by Jouaselin, but it was 1900 before it found 
use In propellant compositions. During World War I, nitroguanldlne was used by the Germane 
as an ii^redlent of buratli« charge explosives. 

Destruction by Chemical Decomposition: 

Hltroguanldlne is decomposed by dissolving in 15 times its weight of 45$ sulfuric acid at 
room temperature and warming the solution until gas is evolved Heating is continued for one- 
half hour. 



4 





Beftreucgs: 4 <) 

(a) I«. C. Snath and E. 0. Forster, Ph ysical Testing of Explosives, Pa. t III - Miscellaneous 
Sensitivity Testa; Perforates tests, OSK V i.eport Bo. 57h'6j 27 December 1945 . 

(o) Canadian Report, CE-12, 1 Msy-15 August 1941. 

(c) D- P- MacDougall, Methods of Physi cal Testing , 0SKD Report Bj. 803, 11 August 1942. 

(d) L. C. smith and S. R. Walton, A Consideration of RDX/Wax Mixtures as a Substitute for 
T Wtryl In Boosters, H0L Memo 10,303, l7 June 1949. 

(e) Pepartaents of the Army and the Air Force TO 9-1910/T0 11A-1-34, Military Explosives, 
April 19>;. 
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Set footnote l ( page 10. 
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Kltroifeobu 
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Cl % r " m * 

C 16.8 OgHO- 

H 2.1 

0 2 H0- 

K 19-6 

0-50- 

0 61.5 2 

C/H Ratio 0.126 


-CH 2 

■CHg — ^ C - K0 g 

-CH S 
2 


Impsrt IsasttMty, 2 Kg Wt: 




Bureau of Mines Apparatus, cm 25 


Sompl* Wt 20 mg 




Ptcotirmy Arsenal Apparatus, In. 


Sompl* Wt, mg 




flL M X 1 | a _ T a . 
■ (MMMR t VM • 




Steel Shoe 




Fiber Shoe 




Ufl* Mht Impact Test: 


Trial* 




% 


Explosions 




Partial* 




Burned 




Unaffected 




ispM«b Tempersttne: 


"C 


Second*, 0 1 (no cap used) 


! 

5 Ignites 


185 


10 




>5 




20 




7S*C IrMmetieael Meet Tect: 


% Loss in 48 Hr* 




1M*C Meet Teet: 




% Lou, 1 at 48 Hr* 




% Lou, 2nd 48 Hr* 




Explosion in 100 Hr* 




H -a killii, l-J 

riwi^v^luy tU^VAr 


Me neqiinili iiu i <V 

» to 



Meleialer Wright: 


(WOu) 


286 


Oqfw Buleacet 






CO* % 




0.0 


CO % 




22 


Deasftyt gm/ce 


20°C 


i.a 




fiteriai Matt *C 




-39 



Vmmm tNMBty Teeti 

ce/40 Hrs, ot 
90*C 
IOO*C 
120*C 
135*C 
ISO*C 



Irf 



Minimum Detonating Ow|«, | 
Mercury Fulminofe 
Lead Atlde 

Teiryf 



1.1*896 

1.4874 



liiair Mortar, % THTi 




Tieasl Tort, % TMTt 




Pled Boat Teett 
Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 




Rttot | 


Confinement 


Class (1 me veil) 


Condition 


Liquid 


Charge Diameter, in. 


0.39 


Density, gm/cc 


1.64 


Rote, metert/Mcend 


7360 
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AXCP 706-177 



Nltroieobuty la ly carol Trln ltr>t* ( MlffnO Liquid 








1 



*C ua Hi, M71 PteJaaMe, Ut WC-91: 

•Tsnetty. gm/cc 
Cmr^Wt, fc 

T«M Me. af ^apMh: 

farm? 

'o. Subject HE 

S hmb HI. M42A1 Naj..rtto. L* KC-S: 

Daneity, gm/cc 
ChorpaWt, lb 

Tatal He. al — 

For TNT 
For Subject HE 



hapaat Valac. ry: ft/sec 
At 9 ft 
At 25V4 ft 

Density, gm/cc 



Maat (Relative la TNDi 



Skua Coat Steel Conas 

Hole Volume 
Hole Depth 



Cater: Yellow ail 



M i a lp i l Uaaa: Ge la tt nixing agent for 

nltrocelluloae 



MiHuf af laaHagi 



Utlaf Baady: gm/cc 



Method Liquid 

Hazard Clam (Quontity-Distanc*) 



Ah* 

Paok Pressure 

Impulse 

Energy 



Air, Caaflaed: 
Impulse 

(Mar Water: 

Paok F ressure 

Impulse 

Energy 



U adarg ra aal: 

Paok Pressure 

Impitss 

Energy 



Compatibility Group 
Exudation 

Solubility; 

Soluble in ttetoyl end ethyl elcoaole, ace- 
tone, ether, ethjlenedi chloride, chloroform 
and benzene. 

Insoluble in '.a ter cerbov.dleulp'iide, 
and petrol euc ether. ' 

Toxicity; 

Slight, decidedly nitrogly ceric. 

Gelatinisin g Actloi,; . 

Slight on nitrocellulose. , 

S2.2°C KT Test; 



Mir .tea 



2 






£ 



Hllroliobut 



ycerol Trinitrate (NIBTO) Liquid 



AMCP 7(56-177 



A total of 675 S> 37% formalin Is added to ISO gm nitrone thane containing 2 gm potassium 
hepl-tyir*te The first CCC ga famiin is added slowly, keeping the t eac e rature 
below 30°C, and then the heat of reaction is allowed to raise the temperature to 6o”C, and 
the Bdxture then boated two hours at <X)°C. Ibe reaction mixture Is then concentrated at ra- 
dioed * res' 're and diluted, and this process repeated several tines to remove formaldehyde. 
After the .Inal concentration the cooled mixture la filtered and the crystalline product re cry- 
stallised free alcohol and then severe 1 tines from ether and dried. 

Ibe nitrated product is then obtained by nitrating SO ga nitroisobutylglycerol with 300 gm 
nixed add (6o/3o/2, sulfuric ad d/nitric add/weter) below 1S°C for 1. 5 hours. 

Origin: 

This explosive (also called Trine thy lolnltrone thane Trinitrate, Hltrolsobutanetrlol Trini- 
trate, ntrdsdbutylglycerin Trinitrate and incorrectly but widely used Nltrolsobutylglycerol 
Trinitrate) was first described in 1912 by Hofvlner (Z ges Schless - Eprengstoffv 7, 43 
(1912). Hofwlnssr prepared the compound by the condensation of 3 moles of formaldehyde with 
1 mole of nitrons thans in the presence of pc taselun bicarbonate, the subsequent nitration of 
the proAict. Ibe explosive can now be produced from coke, air, and natural gas. 



BsfWrences: 

(a) B. A. Aaronacn, Study of 
24 October 1941. 



plosive . Derived 



ins, PATS No. 1125, 



(b) M. Aubry, ItSm poudr, 2£, 197-204 (1932-33); CA 2 X, 4083 (1933)- 

(c) A. Stettbacher, Bitr^cellulose 159-62, 181-4, 203-6 (1934); CA 2g, 1250 (1935). 

(d) W. de C. Crater, U.S. Patent 2,112,749 (March *936); OK J2, 3964 (1938). 

(•) H. J. Hibshman, S. H. Pierson, and H. B. Haas, Ind Eng Che m 32, 427-9 (1940); CA 34, 
35 (1940). 

(f) A. Stettbacher, Z ges Schless Sprengstoffv 62-4 (1942); CA j8, 255 (1944). 



See footnote l, page 10. 
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CiAfUiMM: 


1 


Molecular Weight: 


325 


Nltrosterch (12. 50$ K) 
Barium Nitrate 
Mononl tronaph tha lene 


19 

ko 

7 


Oxygoa Balance: 

CO, % 

CO % 


■1 


Pa rani troanl line 


3 


Density: gm/cc 






lyai* *C 
ralrtf, \o 


C/H Rotio 




Freeslng Mat: ‘C 



IMrtty, 2 K| Wt: 

: Mines Apparatus, cm 
Wt 20 mg 

Arsenal Apparatus, in. 
Wt, mg 



BaiBeg hM *C 



Refractive lades, n£ 



Mam Test: 

t 

Fiber Shoe 



Crackles, soaps 
Unaffected 



r - 

I Rrfie Met laipact Test: 10 Trials 


8 Trials* 


! 


% 


* 


Explosions 


90 


0 


Portia Is 


0 


13 


Burned 


0 


0 




10 


87 




•c 




Seconds, 0. 1 '.>0 cap ^ed) 


— 




S Decomposes 


195 




1C 






15 






20 






75’C letemeiisesl Hoot Test: 






% Lon in 48 Hrs 




0.2 



I00*c Mae* Teat: 

% Lon, 1st 46 Hr* 
% Lon, 2nd 48 Hrs 
Explosion in 100 Hrs 



H en a n Mll+y Index: 



Hygre sce p k lty: % 30°C, 904 RH 



»<■ -»'• 



Vacuum Stability Test: 

ec/40 Hrs, ot 
r 0'C 
I00X 
I20*C 
I35"C 
150'C 



200 Cram Bomb Saad Test: 

. Sond gm 



Sensitivity to I ni tiat ion : 

Minimum Detonating Chorge, gm 
Mercury Fulminate 
Lead Azide 
Tetryl 



SaWatic Mortar, % TNT: (a) 



Tread Tost, % TNT: 



Hate Daat Test; 

Method 
Condition 
Confined 
Density, gm/cc 
Brisoncs, % TNT 



Ds te as t lss Rate: 

Confinement 

Condition 

Charge Diameter, >'• 
Density, gm/cc 
Rote, meters/second 
















AMCP *06-177 




l 

I 

* 

I 

X 

4 

* 

t 

4 

t 

*■ . 
♦ 

4 

l 

l ■ 

t 

♦ 




f 



I 



t 

* 

t 



Nltrostarch Demolition Explosive (WSX) 




AMCP 706-177 



Nltros torch ryaolition Kgglosl re (USX) 



Preparation; (b) 

The nitration of starch proceeds with the formation of hexanltro starch according to the 
following aquation: 

ayi 10 05 + 6HBO3-* c 1J gH lJ .o w (o»o 2 ) 6 + 6HgO 

Tapioca starch Is ccnsidured the best for nitration purposes, although other starches give 
lairly stable products. The starch, pretreated to remove oils, fats kM water soluble la* 
purities, is dried and screened. Feeding of the dried starch Into stainless steel ultra tors 
containing nixed add (62%-6 3jt HBO- sad 37%- 3^ HoSO^) Is done slowly with constant agitation 
of the alxture. The heat evolved Must be controlled by cooling colls. The nitrated starch 
is separated fixes the spent add, washed with a large amount of water and centrlfiwged. Final 
dryli« Is on treys heated to 35°-4o°C with air. This product Is so sensitive even a static 
discharge night cause explosion. 

Sltroet&rch demolition explosives contain a high percentage of nltroetarch, an oxidising 
agent, mineral oil, a stabiliser and/or other Ingredients. 



Origin: 

ntrostarefa was first prepared In 1833 by Branconnot, who called It xylol dine (Am chi a 
phys C23 52, 290 (1833)). T. J. Pelouse studied xylol dine further end reported Its explosive 
properties (Ooapt rend 7, 713 (1836). It found military use In the United States during 
World Hhrs I and II as blasting explosives and as an ingredient of bursting charges and prim- 
ing covoeltlona. 

References: 

(s) W. R. Tomlinson, Jr., ihyilcal and Explosive Properties of Hllltary Explosives , PATH 
So. 1372, 29 Bovesfcer 1943- 

(b) G. D. CUft and B. T. Fedoroff, A Manual for Explosives laboratories , Vol I, Lefsx 
Society, Inc. , Philadelphia (19*12). 

(c) Also see the following Pica tinny Arsenal Technical Reports on Kitrostarch Explosives: 



1 2 4 

l6ll 782 1034 

2032 



I 8 2 

1117 838 1269 

848 



51 



See footnote 1, page 10. 
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265 


Oayfaa Balance: 






CO, % 




-36 


CO % 




-7.5 


Density: gm/cc 


Out 


1.80 



C/H Ratio 



epnet tentMvfty, 2 Kg Wfc 

Bureau of Mines Apparatus, an 
Sample Wt 20 mg 
P cotinny Arsenal Apparatus, in. 
Sempis Wf, mg 



Mot: *C 



Wa n» 

n> 



Stssi Shot 
fiber Shot 



Unaffected 

Unaffected 



Explosions 

ft— xl^l» 

rOfTKJtt 

Burned 

Unaffected 



Test: Triols 

% 



cc/40 Hrs, ot 




90*C 


— — 


I00*C 


— 


120*C 


0.3T 


135*C 




150'C 




200 Brans Beast Send Test: 

Sond, gm Exploratory 


58. 1» 



Seconds, 0. 1 (no cop used) — 

1 

5 Flew 5 erratically 335 
»0 
15 
20 



TS C leter e e t leael Neat Test: 

% tab in 48 Hrs 



100'C Heat Test: 

% Loss, 1st 48 Hrs 
% Loss, 2nd 48 Hr* 
Explosion in 100 Hr* 



Minimum Detonating Charge, gm 




Mercury Fulminate 


— 


-~eod Aside 


0.30 


Tetryt 


— 


0 sIHitls Matter, % TNT: 


115 


Trattx! Test, % TNT: 


fiats Peat Test: 




Method 
Condition 
Confined 
Density, gm/cc 
Brisance, % TNT 




Pstsestisn Rets: 




Confinement 


Rone 


Condition 


Cast 


Chorgs Diameter, in 


1.0 


Density, gm/cc 


1.80 


Rote, meters/second 


8377 
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Octol, 70/ 



* — n . m lot. Bm, . . 

NMRIvWJr J Wn« 

Condition 
Tetryi, gm 

Wax. in. for 50% Detonation 
Wax, gm 
Density, gm/cc 




Heat ef: 

Combustion, cal/gm 


2722 


Explosion, coi/gm 


1074 


Gas Volume, cc/gm 


847 


Formation, col/gm 


— 


Fusion, col/gm 





/qm/°C 



DicowyMiHoo 

Oxygen. otom*/$ec 
(Z/sec) 

Heat, kilocalorie/mole 
(AH. kcol/mol) 
Temperature Range, °C 

Phase 



Armor Mote Impact Test: 

AO mm Matter Projectile: 

50% Inert, Velocity, ft/seu 
Aluminum Fineness 

500-lb G o a e re I Purpose tombs: 

Plate Thickness, inches 



fla g Oats: 

cm/sec 



eol/sec/cm/’C 

C sefH cl aat el Ixpaeei ea: 

Linear. %/*C 

Volume. %/*C 



E', dynes/cm* 

E, ib/inch* 

Density, gm/cc 

C omp me lee S tion gth: Ib/inch 1 



Vepee Pressure: 

‘C mm Mercury 

Compressive Strength: lb/lnch‘ 

Average (10 tests) 

High 

Low 



1510 

See below 



B e m b Drop Test: 

T7, 2000- S> Semi-Armet Pierciap Bomb vs Concrete: 

Max Safe Drop, ft 

J04-b General Per p eo o tomb vs Concrete: 

Height, ft 
Triols 
Unaffected 
Low Order 
High Order 

1000-lb General Purpose Bomb vs Concrete: 

i 

Height, ft 
Triols 
U no ff acted 
Low Order 
High Order 

Ultimate Deformation: £ 

Average (10 teBts) 2.26 



•Teat specimen i/2" x 1/2’ cylinder (approximately 3 -m) pressed at 3 tons ( ; ,,000 lk) total 
load or 30,000 pel w'th a 2 minute time of dwell. 











Octol. 70/ 



AMCP 706-177 



Ffefmeatetiea T«h 

V) mm HI, M71 PrefectM*, let WC-f 1: 

Density, gm/cc 
Chorge Wt, lb 

Tatal Ne. FraynMi: 

For TNT 
For Subject HE 

1 todt HI. M42A1 Projectile, lot ICC- 5: 
Danaity, gm/cc 
Chorga W». lb 

Total Ne. af P ra g maa i j: 

For TNT 
For Subject HE 



Fragment V ale ci ty , it/iac 
At 9 ft 
At 25 Vi ft 

Danaity, gm/cc 



Bkat (KalaMva t* TMT)i 
Airs 

Pa ok Praaaura 

Impulaa 

Enargy 



Air, Ciaftn li 
Impuhe 

IMar Water: 
Paok Praaaura 
Impulaa 
Enaigy 



Shaped Charge EffecMveneae, TNT — IMt 

Gfoaa Cooes Steai Cones 

Hole Volume 
Hole Depth 


Calm 


Buff 


Mariya! Uaaa: HE projectile and boob 


filler 


Method af lcadia|: 


Cast 


leedkg Danaity: gm/cc 


1.80 


Slaeaget 




Method 


Dry 


Hcntonf Clots (Quontlty-Distonee) 


Clone 9 


Compotibillty Group 


Group I 


Exudation 




Work to Produce Rupture: ft-lb/inch^ 


* 



Paok Praaaura 

Impulaa 

Enargy 



♦Teat epeeimen l/2" x l/2" cylinder ( approxi - 
raately 3 ga) preaaed at 3 tone (6,000 lb) 
total load or 30,000 pel with a 2 minute 
time of dwell. 















AMCP 706-177 

Effect of Altitude - 



! 

i Bmplcalve 



i 70/30, RuX/UTT; 

I density, g*/ cc 1.68 



Dleaeter end Degree of Confinement on Detooetion Veloci 



nee 



Simulated Altitude 



One-Inch Column 



Uncon fin 



l arerwr- 



llESELli 



Average 



, 70/30, HMX/OST; 


Ground 


density, gm/cc 1.6l 

| i ‘ 


30,000 


■ j 


60,000 


* 


90,000 


Average 

i 





*70/30 Octol confined charge in 1/4" steel tube, AISI 1015 seamless, 1" diameter 18" long, 
and 2” diameter 7” long. All means were determined from sets cf five values unless other 
vise indicated by ( ). A 26 gm tetry booster was used to initiate each charge. 



y.v 



Explosive 



70/30, REX/OTT 



70/30, HMX/UIT 



nt Velocities at Various Altitudes* 



Simulated Altitude, Feet 



j 3^15 3672 3666 3685 

' 4647 5192 5236 ' 6011 



3366 3 

: Vro3 5 



*0utalde diameter 2.54"; inside diameter 2.04"; length 7 
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ftMlU Strength;* 

"**"* Ib/lnch^ 

Average (8 tests) 169 



[tow i 128 < 

*T#ot specimen as per Plcatinny Arsenal sketch XL-076B, st 2l°c. 
Modulus of Elasticity:* 



Average (10 tests) 


lb/ inch 

TOT- 


High 


79,300 


Low 


63,0C 



*®B8t specimen 1/2” x 1/2 cylinder (approximately 3 gm) pressed at 3 tons (6,000 lb) total 
load or 30,000 pal with a 2 minute time of dwell. 



Se tback Senelt lT lty Jest; ( ) 
[”” Critical Pressure 92, 1 



Critical Pressure 
Dejslty, pjt/cc 



92,000 pel* 
1.72 



^Pressure below which no Inltlatlco is obtained and above which an Increasing percentage of 
initiations can be expected as the setback pressure Increases. 



105 SB HI HE Projectile 



1/2 - 


2 




2 - 


5 


665 


5 - 


10 


^97 


10 - 


25 


661 


25 - 


50 


U71 


50 - 


75 


2Vr 


75 - 


150 


322 


150 - 


750 


295 


750 - 


2500 


12 i 


1 Total Humber 


hi67 ( 
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CowpodWen: 

% 

BMC 

TUT 

C/H Rote 


75 

25 


import IsosBMty, 2 Kg Wt: 


Burtou of Mints Apparotus, cm 


-- 


Samplt Wt 20 mg 


i Pkatinr.y Arsenal Apporotus, in. 


17 


| Sample Wt, mg 


25 


Prktieo Poedafaai Test: 


fs..l fL n - 

Jtifi jnot 


Unaffected 


Fiber Shoe 


Unaffected 


1 UHe BoNd Impost Test: lOTriob < 


3/16" Steel 


1/8" A1 


Explosions 70 


70 


Partial* -* 


— 


Burned 


— 


Unaffected 30 


30 



Second*, 0.1 (no cop used) 

1 

5 Times erratically 
10 
15 
20 



7S'C lateraaMeeel Had Te 

% Lou In 41 Hr* 



1M*C Heat Tee* 

% Low, lit 41 Hn 
% tow, 2nd 4| Hr* 
Explosion in 100 Hrt 






Oxygea Mtsacs: 

CO, % 

CO % 



Deadly: gm/cc 



MeMeg Point: °C 



rnfnw| man ^ 



Mh| Point: *C 



Refractive Index, n£ 



Vacuaa StobiBty Ted: 

cc/40 Hrt, ot 
90*C 




I00*C 




120*C 


0-39 


135*C 




150*C 




200 Grvn Imk Scsi Ttilt 

Sond, gm Exploratory 
— 


68,1 



Vnmfwf 1W IlmMWDS 

Minimum Detonating Charge, gm 
Mercury Fulminate 
Lood Aside 
Tetryl 



loHletic Mortar, % TNT: 



Trend Tod, % TNT: 



Condition 
Confined 
Density, gm/ec 
Britonco, % TNT 



Ddieetiie lata: 




Confinement 


Bone 


Condition 


Cast 


Charge Diometer, in. 


1.0 


Density, gm/cc 


1.8l 


Rate, meten/second 


861*3 
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#WWIrWy 1 

Condition 
Tatryl, gm 

Wax, in for 50% Detonation 
Wax, gm 
Density, gm/cc 


Heat at: 




Combustion, col/gm 


2676 


Explosion, col/gm 


1131 


Got Volume, cc/gm 


830 


Formation, cal/gm 




Fusion, col/gm 


29. li* 


| * Calculated for 76.9* HMX, 23. 1* TNT. i 


IpadHs Heat: col/gm/ *C 
-V)°C 


## 

0.200 


-80° to +80°C 


0.2L0 


33 to 7^°C 


0.21*5 


90° to 150°C 


0.323 


** Determined for 76-9* HMX, 23. 1* TNT. 


■flag Rata: 




cm/sac 




TIhmhiI 




coi/sac/cm/*C 




CmMcIiiiI b^cuiis! 




Linear, %/*C 




Voluma, %/’C 




HtiAwii MsIm' Sccto* 






£', dynes/cm* 




E, Ib/lneh* 




Density, gm/cc 




Csaiaraathrs Straw gtk: Ib/incM 


13^*0 




See below 


Vapar Piaaswta: 




*C mm Mercury 




Compressive Strength: lb/ Inch 2 


*#* 


Average (10 testa) 


13^0 


High 


1560 


Low 


10**0 



Oxygen, atoms/sec 
(Z/sec) 

Haot, kilocalorie/male 
(AH, kcol/mol) 
Temperature Range, *C 
Phose 



An wa r Plata Iwpaat Test: 

46 nmm Matte r Pra | a «t lla: 

50% Inart. Valoclty, ft/see 
Aluminum Fineness 



Plata Thickness, inches 



IVa 

1 % 



Baa4 Daep Teatt 
T7, $ a a rt Aiwar P la ial a g 

Max Sofa Drop, ft 



Haight, ft 
Trloh 
U n affected 
Low Ordar 
High Ordar 

1000-% flaaaral Parpaaa la a ik n C aa r r at a ; 

Haight, ft 
Trio)* 

Unoffactad 
Low Ordar 
High Ordar 



Ultimata Deformation: j 
Average (10 taata) 
High 
Low 



2.U 



load or 30.000 psl with a 2 minute time of dwell. 



251 







AXCP 706477 

rnfHmVnOT IfKl 

9* am. Ml. M71 NjMMt, L 
Dansity, gm/cc 
ChorgtWt.lb 

For TNT 
For Sublet HE 

i Imtk HI, M4SA1 Fnj.nH>. 

Dansity, gm/cc 
Chorpe Wt, lb 

Tatal Ns. af FragaMMs: 

For TNT 
For Subject HE 

Pregawot V ib rit y : ft/ioc 
At V ft 
/t 25V4 ft 

Oantity, gm/cc 

Btaat (lebtbe to TNT): 

Mr. 

Ptok Praatura 

Impuiao 

Enargy 






LatKC-5: 



Impuba 

IMat Wafer: 
Pack Pressure 
Impuba 
Enatgy 



Shagal Cbarga BfoNbooato, TNT = IWt 

Gloss Conas Stool Conas 

Hob Volume 
Hob Depth 



Cebr 


Buff 


i 

frteclpal Uir: HE projectile end boat) filler 


Method el 1 toMag: 


Oast 


LaoAag Baaafeyt gm/cc 


1.81 


*1^4, nrl 

fvwmoa 


Dry 


Hazard Class (Q rontity-Distonee) 


Class 9 


Compatibility Group 


Group I 


Exudation 





Work to Produce Rupture: ft-lb/inch^ * 

Average (10 teats) 1-31 

High 1.57 

lev 1.07 

Efflux Viscosity, Saybolt Seconds: 9.0 



Pook Pressure 

Impuba 

Energy 



♦Test specimen l/2" x l/2" cylinder (approxi- 
mately 3 gm) pressed at 3 tons (6,000 lb) 
total load or 30.000 psi vith a 2 minute 
time of dvell. 




AMCP 706-177 



ant Veloclt 



Composition B 

75/25 Qyclotol 
75/25 Octoi 



lb/lnciT 

Anngt (10 tests) 266 

High 330 

Low 226 

5 il "epecIS 7 as per Picaiinuy Arsenal (ketch XL-076B, «t 2i°C. 



Modulus of Elasticity:* 



m3B* r 



lb /inch 2 



’ Avenge (10 te(te) | 62,100 \ 

High ! 75,900 j 

Leer k5,200 , 

*Tbst specimen 1/2" x 1/2" cylinder (app'-oxinately 3 gm) pressed st 3 tons (6,000 lb) total 
lead or 30,000 psl with e 2 minute time Jt dwell. 

bt-tbeck Sensitivity Tci;: (a) 

Cri tical Pressure ! 7^, 000 p>i* ; 

Banal tar, { pvee 1.80 j 

*i J res' r U'-.e below vblch no initiatl., n"T> obtained and above which an increasing percentage of 
Initiations can be expected as the setback pressure Increases. 

Pit Fragmentation Test: (a, 

105 m Ml HE Erectile: 



| Weigh t Gro 

i7n 



Ho. of 



1/2 - 2 
2 - 5 

5 - 10 
10 - 25 

25 - 50 

50 - 75 

75 - 150 
150 - 750 
75C - 2500 



Total Humber 



ktti 
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Octol, 70/30^ Oetol, 75/25 



Preparation: 

Vjhter-vet HMX is added slowly to molten 1ST In a steam-jacketed kettle at a temperature of 
100°C. The Mixture Is heated and stirred until all Moisture in evaporated, lhe composition 
is cooled to a satisfactory pouring temperature and cast directly into umnltlon comments 
or prepared In the form of chips to be stored for later use. 

References; 52 

(a) 1st Indorsement from Chief, Explosives Development Section, to Chief, Explosives 
Research Section, Pica tinny Arsenal, dated 12 (fcy 1958. Subject: "Properties of Octols an' 
HTA-3." 

(b) A. H. O'Brien, Jr., C. W. PI unbar, R. P. tfoodbum and V. Phllipchuk, Detonation Veloci- 

ty Determinations and Fragment Velocity Determinations of Varied Explosive ayS Bibf. ' “ 

tlons, Batlonal northern Corporation rinal 3uxnarv Ren-crt VWTfn«t.wnt — 

HCP&-O0O-5O1-ORD-(P) - 58). 
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Polystyrene (unmodified) 
Di octylphthala te 

C/H Ratio 





2*5 


Oxygen Relents: 




CO, % 


-62 


CO % 


-18 



Unpresaed 



Impest SsnalHvlty. 2 Kg Wt: 


Unpresaed 


Bureau of Mines Apparatus, cm 


28 


Sample Wt 20 mg 
Picatinny Arsenal Apparatus, in. 


15 


Sample Wt, mg 


20 


R-t M _ — J . . s — ey — — 

rncm> rfStVIMi int: 




Steel Shoe 


Unaffected 


Fiber Shoe 


Cneffected 


Rifle BaMet l-pect Teat: 10 Trials * 




% 




Explosions 10 

Portia Is 90 

Burned 0 

Unoffected 0 




BVaImIm TeMttmamdMeAt Off 

Seconds, 0.1 (no cop used) — 
1 

5 Snakes 275 




10 




IS 


- 


20 


- 


7!*C latemetieael Heat Test: 


- 


% Loss in 48 ! In 




100‘C Heat Test: 




% Loss, 1st 48 Hrs 


0.00 


% Loss, 2nd 48 Hrs 


0.00 


Explosion in 100 Hrs 


Hone 


NeaunaMBty Index: 


HygtesffepIsRy: 96 


* Teat procedure described in 


PATH No. 221*7, 


Mfiy 1956. 





lifnctin lades, n° 
n» 



Vecmna Stability Test: 

cc/40 Hrs, at 
90*C 

I00‘C 

!20*C 

135*C 

150*C 



200 B u st l s m > Seed Test; 

Sand, gm 



Minirr jm Detonating Charge, gm 
Mercury Fulminate 
Leod Azide 
Tetryl 



BeMeric Matter, % TNT: 



Trend Test, % TNT: 



Piste beet Test: 

Method 
Condition 
Confined 
Density, gm/ee 
Brito nee, % TNT 



Confine nent 
Condition 

Charge Diometer, in. 
Density, gm/ee 
Rote, metert/second 
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— »■*■- — 

wonomon 

Tetryl. gm 

Won, In. for 50% Detonotion 
Wax, gm 
Density, gm/cc 



Oxygon, otoms/sec 
(2/soc) 

Hoot, kilocolorie/molc 
(AH, kcol/mol) 
Temperature Range, “C 
Phase 



Meat of: 

Combustion, col/gm 
Explosion, col/gm 
Gas Volume, cc/gm 
Formation, col/gm 
Fusion, col/gm 



col/gm/ *C 



Anoar Plato Impos t Toot: 



Tlsrmol C eada st lill ) : 

col/sac/cm/ *C 



C o s fB ri oe t of Ixg oa s loa: 

Linear, %/*C 

Volumo, %/*C 



E', dynes/tm* 
E, Ib/inch* 
Oonsity, gm/cc 



See belov 



C smpr mlv i S tioagtb: Ib/inch 1 2U03 21 l *9 

Percent 8.9 13.1 



*C mm Mercury 

Young's Modulus: * (a) 



2 Ambient 95 U C 

E, lb/lich (avg of 5 ) 39.95 3 3 M ?31 

Density, gm/cc 1.60 I .57 



♦Pellets (Lot OAC-596-55) 0.750 Inch diameter by 
30 -second dwell. 



50% Inert, Velocity, ft/sec 
Aluminum Fineness 




^ > ^ - - - ■ s. _ 




Plots Thickness, inches 




1 




1 Vi 




1 Vi 




l» 4 




Bomb Drop Tost: 




17, 200(4 Semi Armor Piercing Boi 


■b »s Concrete: 


Mox Soto Drcp, ft 




590-ib General Patpese Oral vs Concrete 


Height, ft 
Triols 
Unaffected 
Low Order 
High Order 




10OO-fc General Purpose Bomb vs Concrete: 


Height, ft 
Triols 
Unaffected 
Low Order 
High Order 





0.750 Inch long, pressed at 30.000 ps! with 











>mw«lHn Tosh 

90 am HI, M71 PtajsetHs, Let WC-tl: 
Density, gm/cc 
Charge Wt, lb 

Trtal Ha. a* PregsMsts: 

For TNT 
For Subject HE 

> Mi HI. M42A1 9ia|actBa, Lot KC-S: 
Density, gm/cc 
Charge Wt, lb 

Total New ef Frogmealsi 

For TNT 
For Subject HE 



Fragment V i t alit y: ft/iac 
At 9 ft 
At 25% ft 

Density, gm/cc 



Meat (MaMta ta TND: 
Ain 

P|()k PiaHl ||H 

■ r laaOUfo 

Impulse 

Energy 

Air. ChHmI : 
Impulse 

Uodsr Wotaw 

Peak Pressure 

Impulvj 

Ens.gy 



»-i A. 

Peak Pressure 

Impulse 

Energy 



•k -• ^0- *** ■“* - TUT IM, 

onwnrWNHf i n i » i^vi 

dost Cones Steel Cones 

Hole Volume 
Hole Depth 



Celsr 


White 


Frletlpel Uses: High uchenlcol strength 


explosive 




Pressed 


1 Landtag BeasOy: gm/cc Pr *“ ed - 


pel x 10-* 


- 0 10 20 30 

1.10 1.1»9 1.59 1.62 


Method 


Dry 


Hozord Class (Quanti'y-Dis tones) 


Claes 9 


Compatihility Group 


Group I 


Exudation 


Hone 


L 


1 Rockwell Hardness, "R" Scale: 


RUSH 


|»TiJiCR»Fr-'-W y»cmrrvr^ 


L1ILM 



Pellet 

Ho.* 


Specific 

Gravity 


Hs-dness 


1 


1 . 62 k 


8k 


2 


1.623 


90 


3 


1.611 


8k 


k 


1.600 


80 


5 


1-590 


75 


6 


1-571 


73 


7 


1.5k8 


62 


8 


1.52k 


k9 



•Pellets (Lot HOL-F-93) were 1-1/2 inches 
In disaster end 3A Inch high. 
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PB-RDX 



SeM^mty of PB-RDX and 96/2 RDX/Stearlc Acid 

to Initiatio n by type 11 Special Blasting-Cans (a) 



Pellets 



PB-RDX with Pellet Density 
1-55 gm/cc 



-a ^ 8 tance rron Base of Can to Pel let. V jnche* 

jraff 6.306 S.jjjxS d.kod - *oM& 6.^ - a£SS1 



as 



Ho. of Trials 



8 



Average Depth of Plate 
Indentation, Inches ** 



Ho. of 7i-ilures 



0.082 

0 



v.090 

1 



0.087 

3 



0.080 

4 



o.oso 

1 



PB-RDX with Pellet De..3ity 
1.60 gm/cc 



Ho. of Trials 



Average Depth of Piste 
Indentation, inches ** 



0.090 0.089 0.087 0.0-. 



Ho. of failures 



0.087 

2 



0.0T5 

3 



96/2 PDX/Stearlc Acid With 
Pellet Density 1.63 gm/cc 



No. of Trials 



3 



5 



Average Depth of Plate 
Indentation, inches ** 



( 



Ho. cf Failures 



0.109 

0 



0.096 

1 



0.095 

0 



* Pellets 0. 



0-92 inch diameter, 0.375 inch height. 
** Mild steel plate 5" x 5" x 1". 



0.092 

3 



0.097 

4 



0.087 

4 



Performance of PB-RDX as Booster: 



(t>. d) 



26 “ " rr ”-»“ “2 storage 71 ° c ft, 

-*■ — - ssrs^ssi. 



In addition, 108 modified H307A1 57 um prolectiles were . , 

armor. Bach round contained a PB-RDX booster nei let 8 performance against 

that the projectiles were inadequacy boo^ered ' n ° evidence lD these firings 



262 
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PB-RDX 
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Preparation: 

lhe purchase description sheet for polystyrene-bonded RDX (X-BA-PD-1088, 25 October 1956) 
requires that the PB-RDX shall be a mixture of RDX, coated and surrounded by a homogeneous 
mixture of polystyrene and dioctylpnthalate. The specified percentage of RDX shall consist 
of a mixture of 73 $ Type B, Class A RDX and 25$ live B, Class E RDX. Hie granulation of the 
unpressed composition shall be as follovs: 



Through U. S. Standard 
Sieve Bo. 


• . i 

Minimum % 1 


Maximum $ 


6 


100 




12 


60 




20 


— 


2 


35 


— 


0 



Two methods have been reported for the preparation of PB-RDX (Reference: Dos Alamos Scien- 
tific laboratory. Contract W-7405-Eng 36 vith U.S. Atomic Energy Comission, Report Mo. IA- 
lW>8). The earlier method employed a Baker-Ferklns type mixer to blend the components. This 
procedure gave a product vith good pressing characteristics. Hovever, the molding composition 
was nonuniform in granulation and tended to be dusty. The slurry method of PB-RDX preparation 
gave a product vhich was uniform, free-floving and dustlese. In addition, PB-RDX granulated 
by the slurry method exhibited satisfactory drying, handling and pressing characteristics. 

The final procedure Incorporating the better features found from the study of such variables 
as solvents, solvent/plaatic ratios, lacquer addition and temperature, agitation, RDX particle 
size distribution, dispersants and rosin additive, was as follows (Reference c): 

Forty-two and five- tenths grams (42.5 gm) of polystyrene and 8 cc dioctylphthalate were 
dissolved in 200 cc toluene in a lacquer dissolver. Steam was introduced into the Jacket 
until the temperature reached 65°C. The lacquer was agitated constantly until it was ready 
to be added to the granulator. This lacquer contained a 1:4 ratio of plastic-plasticizer to 
toluene. 

Four hundred and fifty grams (450 gm) of REX and 4500 grams of HgO (ratio 1:10) were added 
to the grenulator. The agitator was set for 400 rpm and the temperature was raised to 75°C 
by introducing steam into the Jacket. The temperature differencial between the lacquer solu- 
tion and the HDX/vater slurry was 5° to 10°C. 

The lacquer solution was poured through the charging funnel into the grenulator. As soon 
as the lacquer vaa added, a solution of gelatin in water was added, and che mixture was agi- 
tated until the lacquer was veil dispersed in the RDX slurry (approximately 5 minutes). Granu- 
lation took place at this point. Steam was Introduced again into the Jacket to distill the 
solvent until the temperature reached 98°C. Cooling water was then run into the Jacket to 
cool the batch to 40 C. The coated material from the granulator was collected or a Buchner 
funnel and dried in a tray at 70°C for 24 hours. Temperatures below 70°C did not furnish 
enough heat, but a temperature of 80°C produced stickiness and caking of PB-RDX. 

Origin; 

An explosive consisting of RDX coated with polystyrene plasticized with dioctyphthalate 
was initially developed in 1952 for the Atomic Energy Coauisslon by Los Alamos Scientific 
Laboratory of the University of California (contract W-7405-Eng 36 with U. S. Atomic Energy 
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PB»RBX 



CUaalcalon, ttaport Ho. LA-1448). The apecific foraulatlon of 90/6.5/1-5 REOC/polyetyrene/ 
dioctylphthtlato mu aubeequently atandardlaed by Lot Aluaoa. This exploelre, originally 
deelgnated FBX, baa boon redeelcnated PB-RM. The detailed retulreaanta tar the preeent 
polyatyrene-bonded RBl(FB-RHX) art glren in purohaae deaeriptlon X-RA-PD-1066, 85 October 1956 . 

BafUrtaaea : S3 

(a) B. j. ziotucha, T. V. Stereo* and c. I. Jaoobaoa, Charaotorlatica of Poly* tyre ne- 
Bonded RPtfPB-RIg). PATS Ho. 2497, April 1958. 

fb) A. J. Pmaoeiio, The Suitability of a Bara FBI Boo# tar Pallet la tba 2.75 Inch Ml HEAT 
Rochet Bead. PATS Ho. 2271, rtwaalber 1^. 

(c) J. L. VermiHioo and R. C. Dubberly, Plaatlc-Bonded Rig, Ita Praparatlon by the Slurry 
Method. Holatoc Defense Corporation, Control Ho. SA-V-lft SerlesA IRcuRII 5 Mreh 1953- 

(d) C. J. Elchlqger, Report on Qurtridaa HEAT 57 — H30TA1 (Mod) with Modified Copper 
Linar, Aberdeen Prorlng Ground, Development and Proof Services, First Report on 0C Project 
TA 3-5204, October 1957* 
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Jtanteerythrltol Trinitrate (FSTOIK) 



t 


CempesMea 




Melectriet Weight: (C^K^ 0 ) 


271 




TO 

C 22.1 

( 

H 3-3 








i 

♦ 

f 


SgOHOg 


CO, 96 
CO 96 


-27 

3 


s 

4 


. ». s "'H 


' — CKgOHOg 


Deadly: gm/cc 


1.5*i 


* 


<3L0N0 9 

0 59.1 * 


MeMag Petal: X 


26 to 26 


* 

* 


C/H Ratio O.lVl 




rVNIM| rVMR v 




* 

» 


hoped loMkirky, t Kg Wt: 




BeOtag Petal: X 4 mm Hg Decomposes 


130 


« 

1 


Bureau of Mines Apporotut, cm 
Sample Wt 20 mg 

Pkotinny Artenol Apparatus, in. 5 to 10 


MtacHvc Mni n» 

.B 




t 


Sample Wt, mg 


38 


Raa 




> 

f * 
» 
t 


m t ..i . . 

rVSEVVMi 1 ^NJ 

Steel Shoe 
Fiber Shoe 




Veceae SteMMy Teel: 

cc/40 Hrt, at 
90X 




* 


RMe BeMet Impact Test: 


Trials 


10CX 

120X 


2-54 to 5-69 



Explosions 



Burned 

U no ff octod 



•c 



Seconds, 0-1 (no cap used) 

1 

5 

10 

IS 

20 



7S'C letareoH.ssIHoo I Test: 

% Lost in 48 Hr* 



1M*C Hoot Toth 

% Lo«, 1st 48 Hrt 
96 Lott, 2nd 48 Hrt 
Explosion in 100 Hrt 



135X 
I SOX 



iMMTrt 

Sand, gm 



Minimum Detonating Chorge, gm 
Mercury Fulminate 
Load Azitfc 
Tetryl 



MhHc Msefor, % TNT: 



Tread Test, % TNT: 



Plata Boot Tort: 



Condition 
Confined 
Density, gm/ce 
Britonee, 96 TNT 



i lata: 

Confinement 

Condition 

Charge Diameter, in. 
Density, gm/ce 
Rate, meten/recond 


















Test: 



Si n ged Charge E HscHtsosss , TNT = 100: 



00 mi Hi. M71 Pro tactile, Lot WC-91: 

Density, om/cc 
Charge Wt, lb 

Total No. of Fragments: 

For TNT 
For Subject HE 

3 tach HI. M42A1 Prajsttils, Lot KC-S: 

Density, gm/cc 
Charge Wt, lb 

Total No. of Fragmeots: 

For TNT 
For Subject HE 



Fragment Velocity: ft/sec 
At 9 ft 
At 25V4 ft 

Doneity, gm/cc 



Meet (Filths to TNT): 
Ain 

Pooh Pressure 

Impulse 

Energy 

Alt, Cos.Mi 
Impulse 

Undo* WaSort 
PmS t'rassuro 
Impulse 
Energy 



Peak Pressure 

Impulse 

Energy 

Absolute Viscosity, poises: 
Temp, 17°C 

sfc 
28 C 
38 °C 



lit. 8 
1.2 
3-0 
1.2 



Gloss Cones Steel Cones 



Hole Volume 
Hole Depth 



Color: 



White 



Principal Uses: 



Explosive, propellent or 
igniter Ingredient 






Load i ng Density: gm/cc 



Method 

Hazard Class (Quantity-Distance) 
Compatibility Group 
Exudation 



Dry 



None 



PETRIN esters are listed In reference (b) 
and most of these esters have been shown to 
have explosive properties. 

An infrared spectrophotometric procedure 
was developed for the determination of the 
acetone content of PETRIN (ref c). A 2.5 8® 
sample of PETRIN Is dissolved In chloroform 
and the volume Increased to 25 milliliters in 
a volumetric flask. The acetone content of 
the PETRIN solution Is determined by Its tnfraj 
red absorption at 5 . 82^4 In a 0-5 mm ceil. A 
double beam method is used with e reference 
ceil containing chloroform and acetone-free 
PETRIN. The quantity of the letter must be 
carefully adjusted to give a good balance be- 
tween the test sample and reference cells for 
the stror,.- PETRIN peek St 6.02/s maximum. 



Heat of: 

Explosion, cal/gm 



1201 * 
















'•T 






. 



< 



i 

I 




t 




I 



% 



k 



9 




* 

* 

i 

i 

? 

* 

* 

* 

<r 

4 

* 

► 

i 
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t 
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Pentaerythritol ivinitrata (PETRIH) 
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Preparation: 



c(ch 2 oh) 4 + 


3 HN0 3 


HgSO^ 

a 


OHCHgCCCH^O^ 


+ 3Hg« 


pentaerythritol 


nitric 


sulfuric 


pentaerythritol 


water 




acid 


acid 


trinitrate 




MW 1?6 


MW 63 


MW 98 


MW 271 


MW 18 



The earlier procedure uaed for the manufacture of PETRIH waa that developed at Alleghany 
Ballistics Laboratory. In this process, called the "A process," 8<# HBOi and the solid pen- 
taerythritol were charged to the reactor and 80$ HgSO^ waa added slowly at a rate to permit 
control of temperature at 0° to 5°C. This mixture was held for a 2-1/2-tour reaction period, 
then drowned in water and filtered to give a cake containing both the tri- and tetre-nitrates 
of pentaerythritol. The cake was dissolved in acetone and neutralized in solution with am- 
moniu carbonate, after which the PETS ...a precipitated by the addition of water. After fil- 
tration, the PETRIH was recovered from the filtrate by stripping off the solvent under vacuum. 
Yields by this process averaged about 1*0$. 

An improved process, called the ”B process," used the same priamry reaction procedure but 
a different work-up procedure. After the reaction holding period, water was addpd to dilute 
the mixed acid and the batch was extracted in situ with methylene chloride. The organic 
layer was separated, neutralized with aqueous sodium bicarbonate, and stripped of methylene 
chloride under vacuum to yield the product directly. Yields by this process ware about 50$ 
and quality of the product waa much improved over that of the "A process.” 

The "C process," currently in use, involves essentially the simultaneous synthesis and 
extraction of PETRIH from tie reaction mixture- Methylene chloride approximately equal to 
tht xoual weight of the other component* Is added to the reaction mixture before the sulfuric 
acid. After a tui table time foxi owing the addition of sulfuric acid, the solvent ia removed 
and rt; seed by fresh solvent one or more times. The combined extracts are neutralized and 
conceu crated. Because of their initially relatively large volume, PETE be r— -.ovad by 
filtratio,. from the concentrated PETRIH solution before the final solvent ia stripped. Yields 
by thia process have been 6C >$ to 6556. 

Origin: 

The nitration products of pentaerythritol or Itc derivative containing not more than three 
SOp groups were patented for use as explosives , propellants or ignition msterials in 1936 
(German Patents 638,132 and 638,1*33; CA 31, 1212 (1937))- 

A process in which pentaerythritol monoacetate vbs converted to pentaerythritol trinitrste 
monoacetate, which was then eapenified under carefully controlled conditions to PETRIH, waa 
repeated in I95l (N. S. Marans, li. E. Elrick and R. F. Preckel, J Am Chem Soc 7o, 1301). 

'’TTPIH was also prepared by the nitration of pentaerythritol vlth a mixture of 80$ HSOj and 
80)6 HpSOj, in 1955 (A. T. Camp, H. S. Marans, D. E. Elrick and R. F. Preckal, J Am Chem Soc 
77 , 751 ). 
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Pentaery thrt ~ j\. .rlnitroacrylate (PETRIN Acrylate) 
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t 

f 



1 



Preparation: 



(a) 



H<XB 2 C(ayi0 3 ) 3 



CHg • CHCOC1 * C 6 H 5 N(CH 3 )g 



pentaery thrl tol 
trinitrate (PETRIN) 

MW 271 

( OgNOCHg ) jCCHgOCCH 



ucrylyl dimethyl 
chloride aniline 
MW 50-5 MW 121 

CHg + C 6 H 5 N(CH,)gHCl « 



pentaerythritol trinitrate mono- dimethylanine 

acrylate (PETRIN acrylate) hydrochloride 

MW 325 

The original aynthesia for PETRIN acrylate employed trifluoroacetic anhydride and glacial 
acrylic acid as the acrylation agent for PETRIN. These two materials were charged to a re- 
action vessel and the initial reaction vaa controlled by the alow addition of PETRIN at a 
temperature of 10° to 15°C. Following a period of one hour, the batch was drowned in water, 
precipitating the FLJRIN acrylate. This aolid vaa separated by filtration, dissolved in chlo- 
roform, and neutralized in solution with sodium bicarbonate. The product vaa then crystal- 
lized during a period of 16 hours at 0°C and dried under vacuum to remove traces of solvent. 
The yield for this process was about 60%. 



A significant improvement in yield (to about 7ty) and purity (approximately 96 %) was 
realized by the substitution of methanol for chloroform and crystallization of the product 
from the solution without neutralization, residual acid being removed by washing the filter 
cake vith water. 



Because of the high coat and hygroscopic nature of trifluoroacetic anhydride, a new pro- 
cess, baaed on dime thy la ni line nnd acrylyl chloride, was considered. This process is cur- 
rently under development in Lne Rohm and Haas Chemical Processing facilities and is not con- 
sidered optimum. Yields averaged k&t and product purities averaged 93- 

PETRIN Acrylate Propellants: 

PETRIN acrylate could be used as a monopropellant because it has a specific impulse of 
21b lb-sec/lb and a burning rate of 0.2 in/sec. The addition of an oxidizer increases both 
the impulse and burning rate. 

A composition which presently appears most promising is as follows: 



lositlon NM 



PETRIN acrylate ( > purity) , % 


3ETT" 


(binder) 


Triethylene glycol "rinltrate, $ 


11.8 


(plasticizer) 


Glycol dlecrylate, % 


2-9 


(crosalinker) 


Ammonium perchlorate, % 


51.0 


(oxidizer) 


Hydroquincne, $ 


0.014 


(polymerization inhibitor) 



Measured specific impulse 238 lb-sec/lb, at density of 1. 3* 



Reference: 5 ' 

(a) Rohm and Haas Company, Redstone Arsenal Division, Process for the Manufacture of 
Pentaerythritol Tetranltrate Monoacrylate and Petrln Acrylate Propellants , 12 March 195b- 



^See footnote 1, page 10. 
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Pentolite 



C/H Rotio 



topirt r mi l t W Ity. 2 K| Wt: 

Buret ,u of Minos Apporotus, cm 
Semple Wt 20 mg 
Picofinny Arsenal Apparatus, in. 
Sample Wt, mg 



Prlctian MHh Taat: 

Statl Shot 
flbar Shoe 


Unaffected 

Unaffected 


MMe B aflat Impact Teel: 25 Triols, 50/50 




% 


Explosions 


72 


Portia Is 


20 


Bumod 


0 


Unoffactsd 


0 


IxptaeMn Timpsrature: 


•c, 50/50 


Seconds, 0. 1 mo cap ussd) 


290 


1 


266 


5 Decomposes 


220 


10 


204 


15 


197 


20 


>190 


7S*C latsraatisaai Hast Tsst: 




% Loss in 48 Hrs 




100‘C Haat Taat: 


50/50 


% Loss, 1st 48 Hr* 


0.0 


% Loss. 2nd 48 Hrs 


0.2 


Explosion in 100 Hrs 


None 


flammability Index: Will not continue to burn 


Hyarascf iclty: % 

ype , 90 i RH 


50/50 10/90 

None none 



Volatility: 



Maiacalar Weight: 






Oxygsa laleacs: 






COs % 


-42 


-68 


CO % 


- 5 


-21 


Density: gm/cc 


1.65 


1.60 


Ms Mag Paint: °C 




76 


Praaxlag Paiat: 'C 


BeiHag Paiat: *C 


Refractive Index, nS 






n£ 






n» 






Vacaaas Stability Tsst: 


50/50 


10/90 


cc/40 Hrs, ot 






90*C 






100*C 


3-0 


3.0 


120°C 


11+ 


11+ 


I35*C 


— 


— 


I50*C 


— 


.. 


209 6 ram Berab lead Taat: 






Sond, gm 


55-6 


1*9. 5 


Ssasithrity ta laitiatiaa: 




50/50 


| Minimum Detonating Charge, gm 




Mercury Fulminate 




0.19* 


Lead Azide 




0.13* 


*41ternZtive inttlatinj 




— 


Ballistic Mortar, % TNT: 


(a) 


126 


Travel Test, % TNT: 


0>) 


122 


Plate Daat Test; 


(c) 




Method 




B 


Condition 




Cast 


Confined 




No 


Density, gm/cc 




1.66 


Brisonce, % TNT 




121 


Detonation Rote: 






Confinement 




I tone 


Condition 




Cast- 


Chorge Diometer, in 




1.0 


Density, gm/cc 




1.66 


Rote, msters/second 




7465 
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looster Sensitivity Test: (d) 


50^50 


Condition Pressed Cast 


Tetryl, gm 100 


100 


Wax, in. for 50% Detonation 


2.36 2.08 


Wax, gm 




Density, gm/cc 1*60 


1.65 


Heat of: 




Combustion, col/gm 




Explosion, col/gm 


1220 


Gas Volume, cc/gm 




Formation, col/gm 




Fusion, cal/gm 




Specific Heat: cal/gm/ "C 


laming Rato: 




cm/sec 




Thermal Conductivity: 




col/sec/cm/’C 




Coofficiant of Expansion: 




Linear, %/‘C 




Volume, %/'C 




Hardness, Mohs' Seals: 


Ynung's Modulus: 




E', dynes/cm 2 




E, lb/ inch 2 




Density, gm/cc 




Compressive Strength: Ib/inch- 


2000-2200 


Dens' , «m/cc 


1.66 



it»*n ! 

Oxygon, aroms/ sec 
(Z 'seel 

Heat, kiloeolorie/mole 
(1H, kcol/mol) 
Temperature Ronge, °C 

Phase 



Anitor Mate Impact Test: 

40 mm Moitar Pro tactile: 

50% Inert, Velocity, tt/sec 
Aluminum Fineness 

300-lb General Purpose lambs: 

Plate Thickness, inches 



Vapor Pressure: 

‘C 



mm Mercury 



lamb Drop Tost: 

T7, KM-b Semi-Armor- Pierciog lamb vs Coocrato: 

Mo* Sofe Drop, ft 

5 00- lb General Purpose lomb vs Coacroto: 

Height, ft 
Triols 
Unorfected 
Low Order 
High Order 

1000-lb General Purpose lomb vs Concrete: 

Height, ft 
Trials 
Unaffected 
Low Order 
High Order 
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^0 


M BHB HE. M71 PraJactU*. Let WC-91: 




Density, gm/cc 


1.65 


Charge Wt, lb 


2.11*7 


Tetel Ha. at Frafmaatr: 




For TNT 


703 


For Subject HE 


963 


9 iadk HE. M*i2Al Projectile, Let KC-S: 




Density, f.m/cc 


1.65 


Charge Wt, lb 


0.872 


Tetel Ha. at FraganaH: 




For TNT 


51** 


For Subject HE 


650 


Fragn*t Velocity: ft/sac 




At 9 ft 


2810 


At 25*4 ft 


2580 


Density, gm/cc 


1.66 


M— Odette. t» TNT): 


(•) 


Air: 




Paok Pressure 


105 


Impute* 


107 


Energy 


— 



Air, CiiHn l: 
Impute* 

Utlar Water: 

Peok Pressure 

Impute* 

Enjrgy 



P*ak PrMtur* 

Impute* 

En*rfly 

Eutectic Temperature, °C: 

gm PETN/lOO gm TUT 
7 6°C 



SMH Cfc*r|* «H*cHri»a*a , TNT = 100: 

50/50 10/90 50/50 25/75 
Glou Con*s(f) Steal Con** (g) 
Hoi* Volum* 157 105 1^9 119 

Hoi* Dspth 116 116 131 119 

C*l*r: Yellow- white 



Shaped charge*, burating 
charge*, demolition block* 





Caat 


1«»<*| Deadly: gm/cc 


50/50 10/90 




I.65 1.60 



Method 

Hazard Clou (Quontity-Distonc*) 
Compatibility Group 
Exudation 



Dry 

Class 9 

Group I 



Compatibility with He tala: 

Dry; Copper, braaa, aluminum, magnesium, 
oagiieaium-aluml num alloy, mild steel coated 
with acid-proof black paint, end mild steel 
plated with copper, cadmium or nickel are not 
affected. Zinc plated steel is only slightly 
affected. 

We*.: Stalnleso steel, aluminum and mild 

steeT~cor ted with ecid-proof black paint are 
not alfe ted. Copper, brass, magnesium, msg- 
neslum-sluminum slloy, mild steel and mild 
steel plated with copper, cadmium, zinc or 
nickel are (lightly affected. 

Effect of Temperature on (h) 

Hate of Detonation: __ . 



16 hra at, °C 
Density, gm/cc 
Hate, m/sec 



1P/50 

-5b 21 

1.67 1-66 

7l*70 71*1*0 




antolltc. 
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Pentolite la manufactured by either the * lurry method or copreclnitatlon of PETR and TWT. 

Id the elurry method PETS, In vater, ii stirred and heated above 8crc. 1ST la added and vhen 
molten. It coats the particles of PEIS. The slurry Is cooled with rapid stirring and the sepa- 
rated granules are collected on a filter and dried below 75°C. 

In v. ^precipitation, PEIS and 1ST are dissolved separately In acetone. The solutions are 
■Heed and the explosives are precipitated simultaneous!: by pouring the mixed solution into 
cold vater under vigorous agitation. Tha precipitated solid is collected on a filter and 
dried In air. 

Origin: 

Standardized during World Mar II, vlth the 50-50 PETS/TNT mixture being the more Important 
for bursting charges and booster-surround charges. 



References: 

(a) L. C. Salth and E. 0. Eyster, Physical Testing of E» 
Sensitivity Bests; Performance Tests, OSRD Report Ho. 57**6, 



(b) Philip C. Keenan and Dorothy Pipes, Table of milt 
SWORD Report Ho. 87-1*6, 26 July 19**6. 



plosives. Part III - Mlscellaneoua 
a7 December 19**5> 

/ High Explosives, Second Revision, 



(c) D. P. HzcDougall, Methods of Physical Testing , OSRD Report So. 803, 11 August 191*2 • 

(d) L- C. Smith and S. R. Walton, A Consideration of RDX/Wax Mixtures as a Substitute for 
Tetiyl in Boosters, SOL Memo 10,303. 1$ June 19**^ 

4 e) W. R. 'tomlinson, Jr. , Bl ast Effects of Bomb Explosives , PA Tech Div Lecture, 9 April 

. 

(t) Eastern Laboratory, du Pont, Invcstra. on of Cavity Effect. Sec IU, Variation of 
Cavity Effect vlth Btploalvc Composition, ITOC Contract W672-ORD-5723. 



(g) Eastern laboratory, du Pont, investigation of Oavlty Effect , Final Report, Contract 
W-672-0RD-5723, E. lab, du Pont, 18 September "19^3- 

(h) W. F, MoGarry and T. W. Stevens, Detonation Rates of the More Important Military Exp 
elves at Several Different Temperatures, BABf"Ho. 2303. November 1956- 



(l) Also see the following Pica tinny Arsenal Technical Report on Pentolite: 



0 


1 


2 


1 


k 


1 


6 


7 


8 


1360 


1291 


1212 


1133 


1281* 


1325 


11*36 


ll*77 


1388 


11*20 


11*51 


1262 


1193 


200 1+ 




11*66 


1677 


1598 


1570 


1651 


1372 


1213 






1796 


1737 


1668 








1363 










1838 



5&See I octnote l f page 10. 
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PLXW (Pentaerythritol Tetranltrate) 



% 

r> 


I! 

19.0 


otto, 
| ‘ 


H 


2.5 




N 


17. T °2 N0- 


0H o — C — < 

2 I 


0 


60.8 




C/H Rctio 0.13U 


ONO. 



Impact Sensi t ivity. 2 K| Wt: 

Bureau of .Mints Apparatus, cm 1? 

Sample Wt 20 mg 

Picatinny Arsenal Apparatus, in 6 

Sample Wt, mg 16 



Molecular Weigbl: 


<C 5 Wl2> 


316 


Oxygon Balance: 






CO, % 




-10 


CO % 




15 


Density: gm/cc 


Crystal 


1.77 


Making Point: ‘C 




l4l 


Freezing Paint: °C 


Boiling Point: *C 



Ir lrtiw Psndai u m Test: 

Steel Shoe 
fi Str Shoe 



Cre ckies 
Unaffected 



fiitie Ballet Impact Test: 5 Trials * 



Explosions 

Portrait 

Burned 



% 

100 



0 

0 

ed 0 



Explosioa Tomporatare: *C 

Seconds, 0. 1 (no cop used) 272 

1 24U 

5 Decnnposes 225 

10 211 

15 
20 


7S*C International Hoot Test: 




% Loss in 48 Hrs 


0.02 


100‘C Heat Test: 




% Loss, 1st 48 Hrs 


0.1 


% Loss, 2nd 48 Hrs 


0.0 


Explosion in 1 00 Hrs 


None 


Flammability Index: Will not continue 


tn turn 


Hygroscopicity: % 30°C, 90?, PJ! 


0.0 


Volatility: 


0.0 



Refractive lades, n° 

n» 

n£, 



Vecaam Stability Test: 

cc/40 Hrs, at 
90'C 
100‘C 
120‘C 
135*C 
150*C 



200 Ctea l imb Sand Test: 

Sand, gm 



Sensitivity ta laitiatiea: 

Minimum Detonating Charge, gm 
Mercury Fulminate 
Leod Azide 

* Alternative initiating chargee. 



Ballistic Mortar, % TNT: (a) 



Treazl Test, % TNT: 



00 



Plate boat Test: 

Method 
Condition 
Confined 
Density, gm/ce 
Brisance, % TNT 



(c) 



0-5 

11 + 



62.7 



0. IT* 
0.03* 



145 



IT 3 



A 

Pressed 

Yes 

1.50 

129 



Dot on at ion Kate: 

Confinement 

Condition 

Charge Dnmeter, in. 
Density, gm/cc 
Rote, meters/second 



None 

Pressed 

1.00 

1.70 

8300 






27' • 



1 








PEPi (Pentaerythritol Tetrenltrate) 
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iapaSa — < enehlllkll 
BwGBtut uBBBwifWJ B W • 

Condition 


(c) 

Pressed 


Tetryl, gm 

Wox, In. for 50% Detonation 


5 


Wax, gm 


3 


Density, gm/cc 


1.6 


Heat of: 

Combustion, cal/gm 


i960 


Explosion, cal/gm 


1385 


Gas Volume, ce/gm 


790 


Formation, col/gm 
Fusion, cal/gm 


383 


Specific Heat: col/gm/*C 


(d) 


Room Temperature 


0.26 


Burning Rate: 

cm/sec 


Thermal Conductivity: 

col/sec/cm/ *C 


Coefficient ef Expo at ion: 

Linear, %/*C 




Volume, %/“C 




Hardness, Mohs' Seals: 


1-9 



Y ouwp'l Modulus: 

E', dynes/cm 1 
E, lb/ inch 1 
Density, gm/cc 



C o m prv n iv Strength: Ib/inch 1 



Vapor Pressure: 

*C 



(e) (0 (f) 

Oxygen, otoms/soc lO 1 ^’® lo 2 ®'^ lO 2 ®' 1 
(Z/sec) 

Hoot, kiiocolc-rie/mole 1*7-0 50-9 52-3 

(AH, keal/mol) 

Temperoturt Ronge, “C l6l-2J3 108-120 137-157 

Phose Liquid Solid At melt- 

ing pointl 



Armor Piets Impost Test: 

60 m» Matter Projectile: 

50 % Inert, Velocity, ft/see 
Aluminum Fineness 

900-lb General Purpose Bombs: 

Plote Thickness, inches 
I 

1*4 

1V4 

l*i 



Bomb Drop Test: 

T7, 2000-fe Semi- Armor- Piers log Bomb vs C e u c rate : 

Max Sole Drop, ft 

SOM Geuerol Purpose Bomb vs Cess-rate: 

Height, ft 
Triols 
Unaffected 
Low Order 
High Order 

1000-lb General Purpose Bomb vs Concrete: 

Height, ft 
Triols 
Unoftected 
Low Order 
High Order 



mm Mercury 




















Sk*H CWff* TNT = 100: 
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PETS (Pcntacrythrltol Tetranltrate) 



Compatibility ul-.h Metals: 



JP. 



Copper, brass, aluminum, magnesium, magnesium-aluminum alloy, stainless steel, olid 
steel, mild steel coated vith acid-proof black paint and mild steel plated vlth copper, cad- 
mium, nickel or zinc are not affected. 



WSt: Stainless steel is unaffected and aluminum only vary slightly so after prolonged 
storage. Copper, brass, magnesium, magnesium-aluminum alloy, mild steel, mild steel coated 



1 


vlth acid-proof black point and mild steel plated vlth cadmium, copper, nickel 
affected. 


or zinc are 


* 


Sensitivity of PETS to electrostatic discharge. 


Joules; Through 100 Mesh: 


(g) 




* 

* 

* 


Unconfined 

Confined 


0.06 

0.21 








1 

* - 


Solubility, grams of PETS per 


100 grams ($) of: 


(fa) 






» 

* 

A 


Trl ehlore thyiene 
or Alcohol 


Acetone 


Benzene 




Toluene 


< ' 

$ 

l 


°s i 


°s i 


fc £ 


fc 


t 


<■ 

i 

i 

* 

i 


O >/>lAVA 

&S38 

d 6 O H 

°83« 


0 1U.37 
20 24.95 
4o 30-56 
60 42.68 


0 0.150 
20 0.450 
40 1.160 
80 7-900 


0 

20 

40 

60 

80 

100 

112 


0.150 

0.430 

0.620 

2.490 

5.850 

15*920 

30.900 


t 

t - 


> Methyl acetate 


Ether 


£ -Ethory-ethyl- 
acetate 


Chlorobenzene 




fc £ 


fc £ 


!s t 


°C 


t 


t 

¥ 

b 

9 

¥ 

9 


20 13 

30 17 

ho 22 

50 31 


0 0.200 

20 0.340 

34.7 0.450 


20 1.5 

30 4.1 

40 7-6 

50 11.2 

60 14.2 


20 

30 

40 

50 

60 


0.35 

2.8 

6.1 

9.2 
12.2 



Bthylenedl chlorl de 



Methanol 



Tetra chloroe thane 



Carbon 

tetrachloride 



f 
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PETTI (Pentaf .•y' .irltol I’etren' trste) 






Isopropanol 


Isobutanc? Chloroform 




°_c 


i 


°s 


t °Jl l 


0.. 

u 


15 


0.02 


20 


C 27 20 0.0') 


80 


20 


0.0*' 


30 


0.31 


85 


30 


0.15 


40 


0.39 


90 


40 


0.36 


50 


0.52 


95 


50 


0.46 






1.00 








■TNT is about 1$ PETh 


105 




Eutetic of 


the system PETK- 


110 




and 8j% TJJT at 76 C. 




115 



120 

125 



TOT 

t 

19-3 

25.0 

32.1 



HO. o 

58.2 
70.0 
87. £ 
115 
161 




Preparation; 

( Nitroglycerin and Nitroglycerin Atploslvea , Naomc) 

8 HCB 0 ♦ CH 3 CHO ♦ ca(ca ) 2 -* acfCHgOH)^ * Oa(HCOO) a C'CHgOK)), + l*HN 0 3 -e CfCHgONOg)^ + 4 HgO 

1. In this preparation 1940 gm of formaldehyde and 600 gm of scetelleh^de are dissolved 
In 90 liters of water containing 1600 gm suspended slaked lime. The reaction is complete in 
about 3 weeks if agitated several tines a day. The solution lu filtered, the calcium formate 
precipitated with oxalic add, filtered off, and the water removed under reduced pressuie. 

On cooling the mother liquor about 1200 gm crude pantaer/- thrl tol , melting point 235°-24o°C 
are obtained. Purification Is re».dily effected by stirring with 0 little alcohol, filtering 
and re crystallization from water. 

2. ®.. 400 cc of strong white nitrl' cld, are sided 100 gm of pentaery thrl tol (through 
50 mesh), at 5°C or below, undar good a b . ition. Aftsr addition la ccmplete atlrring, ut 

5 C, la continued for 15 minutes, lhe mixture is drowned in 3 liters of ice-weter, fiiered, 
the product washed free of acid with water and then digested 1 ;.ou~ in 1 liter of hot 0. 
sodium carbonate solution. The product is filtered, and recrystallized from acetone. 



PETH waa known as an explosive in lf;94 when It vu. proposed as an add*'! on to Bmokeless 
povderc to raise their flammability and ease of combustion (German Patent 81,664 (1894). 

Modarn methods of preparation are described by Vignon end Gerir (Compt rend 133, 590 (1901) 
and German Patent 265,025 (1912) and A. Stettbscher (Z ges Schiess - SprengaiTffv n_, 112, 
l (j 2 (lyl6) and 24, 259 (1929)). PEllf was not used on a practical basis until after World War I. 

Destruction by Chemical Decomposition: 

PET1I is d . ompor oy dissolving in 8 times Its “eight of technical grade acetone and burn- 
ing the solution i a shallow container. If preferred, v-rm the acetone solution to 4o°C, 
stir and add 7 parts by weight, to each part of PiTN, of a solution of 1 part sodium sulfide 
(Ba^S^HpO) in 2 par Is water heated to 80°C. The aqueous solution should be added at such s 
rate that the acetone solution does not boll. After mixing ic complete Continue stirring for 
one-half hour. 
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0 


1 


2 


1 it 


2 


6 


7 


6 


2 




760 


10 ll 


772 


51*3 901* 


1305 


121*6 


1*07 


318 


1379 


* 


1170 


1311 


922 


863 1271* 


1325 


1276 


527 


633 


11*29 


% 


1260 


1381 


1182 


1063 1281 * 


1-1*5 


1316 


857 


12^8 


1 W 9 


4 


1290 


11*51 


1192 


1133 11 * 11 * 


1705 


1376 


1217 


1318 


1550 


* 


1300 


1561 


1212 


1253 


1885 


11*1*6 


1517 


1383 


2179 


* 


1320 


l6ll 


1262 


13^3 


2125 


H5 6 


1617 


1368 




* 


1360 


1651 


:3l*2 


li*93 




ll*66 


1737 


2 598 






1380 




1352 


1553 




1556 


’-797 


1830 




* 


1390 




1372 






1796 




2178 




t 


ii*30 




11*52 















» 1^50 

» 1570 



1 



I 



• t < h) t f ;0 ( 1, p 10. 



JH1 



r 






228 



C 31-5 

H 1.8 0 2 N St’o 

N 2 U. 5 

0 1 * 2.2 N0 2 

C/H Rotio 0.500 


Molecular Weight: (CgH^Og) 228 


Oxygen Betence: 

CO. % -56 

CO % -l 1 * 


Deetity: gm/cc Crystal 1.76 


, — 

MeJHaif Mat: "C 189 to 190 


freezing Point: *C 


Impact Sea»*ffv*ty. 2 Kg Wt: 

Bureau of Mine* Apparatus, cm 
Somplt Wt 20 mg 

Picotinny Arsenal Aoparatus, in. 23 

Sample Wt, mg 20 


lei ling Point: *C Decomposes before boiling 


Riifrecthre Index. rt£ 
n£ 
nS 


Friction Malm Test: 

Stee 1 Shoe 
Fiber Shce 


Vacuum Stability Tact: 

:c/40 Hrs, ot 

90*C 

100*C 0.9 

120'C 

I35C 

150'C 


Rifle Belief Impact Test: Trials 

% 

Explosions 
Pa rtic's 
Burned 
Unaffected 


200 Gram Bomb Send Test: 

Sord, gm 1*8.1 


Explosion Temperature: °C 

Seconds, 0. 1 (no cop used) 

1 

5 

10 

:5 

20 


Saneitirity to Initiation: 

Minimum Detonating Charge, gm 

Mercury Fulminote .... 

L-od Azide 0-30 

Tetryl 


Ballistic Mortar, % TNT: 100 


Trees! Test, % TNT: 107 


7S*C International Heat Test: 

% Loss in 48 Hrs 


Plate Dent Test' 

Methcd 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 


100C Heat Test: 

% Loss, 1st 48 Hrs 
% Loss, 2nd 48 Hrs 
Explosion m 100 Hrs 


Dftoftatioft Rot#: 

Confinement None 

Condition Pressed 

Charge Diameter, in 0-> 

Density, gm/cc 1*7£ 

Safe, meters/second 7300 


F lain inability lades: 


Hygroecopicity: % 


Volatility: 


















fi« |niMiHM T 'eat: 



Shaped Charge [HtcMwitt, TNT = 100: 



*0 mm HE. M71 Projectile, Lot WC-91: 

Density, gm/cc 
Charge Wt, lb 

Total No. at Fragments: 

For TNT 
For Subject HE 

3 inch HE, M42A1 Projectile, Lot KC-5: 

Density, gm/ce 
Charge Wt, lb 

Tate I Ne. at F ragmen t s : 

For TNT 
For Subject HE 



Fragment Velocity: ft/sec 
At 9 ft 
At 25V4 ft 

Density, gm/cc 



fleet (Rotative te TNT»: 
Air: 

Peak Pressure 

Impulse 

Energy 

Air, Cea fined: 
Impulse 

Under Water: 

Peok Pressure 

Impulse 

Energy 



Uaderg reend: 

Peak Pressure 

Impulse 

Energy 



Glass Cones Steel Ccnes 

Hole Volume 
Hole Depth 



Calar: Yellow 



Principal Uses: High temperature heat 
resistant explosive 



Mttfcod 0f 


Pressed 


Leading Density: gm/cc 

At 50,000 psi 


1.78 


Storage: 




Method 


Or, 


Hozord Class (Quontity-Distance) 


Class 9 


Compatibility Group 


Group I 


Exudotion 


Hone 


Solubility: 




Insoluble in water, slightly soluble In 
alcohol and ether. Soluble in hot glacial 
acetic acid, hot ethyl scetate and In benzene 
and acetone. 


Heat of- 




Combustion, cal/gir, (a) 

Explosion, cal/gm 
Formation, csl, gm (a) 


2962 

56k 

131 
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Five grams of picryl chloride were dissolved in ISO milliliters of absolute methanol. 
Hie solution was then satur^-ed with anhydrous, gaseous ammonia. Hie time required was 
approximately 30 minutes- The amino derivative precipitated in 7S$ yield (3-6 gm) melting 
at 190°C (literature HP 189°C) . 



Picramide (2,4 o-trinttroaniline) was first prepared in 1854 by Pisani who treated picryl 
chloride with air .onium carbonate (CR 39, 853). The use of picramide, as a brisant explosive, 
was patended by Chemlsche Fabrtk GriesKeim 26 May Io94 (German Patent 84,628). Meisenheimer 
and Patzig refuted tri nitrobenzene with hydros laiaine in cold alcohol solution to obtain 
picramide (Ber 39. 2534 (1906)). Witt and Witte obtained the compound by nitrating a solu- 
tion of aniline" in glacial acetic acid or concentrated HoSOj. at about 5°C with concentrated 
HNO^ (Ber 4l, ^091 (1908)). Holleaan gives details of the prep ation from p-r.itroaniline 
and rrom acetanilide (Rec tra / chim 49. 112 (1930)). 

Reference: 5 8 

(a) William H. Rinkenhach, "The Heats of Combustion and Formation of Aromatic Nitro 
Compounds , " J Am Chem 3oc 52, 116 (1930). 




58 See footnote 1, png .0. 
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Molecular Weight: 



Composition: 

% 




Explosive D 


?2 


TNT 


n 


C/H Ratio 





Oxygon lalanco; 

CO. % 

CO % 



-6_s 

-19 



Density: gm/cc 



1.62 



Molting Point: 



Fronting Pain!: C 



Impact Sensitivity, 2 Kg Wt: 

Bureau of Mines Apparatus, cm 100+ 

Sample Wt 20 mg 

Picotinny Arsenal Appa.^.w.. in 17 

Sample Wt, mg 19 



Friction Pendulum Toot: 

Steel Shoe 
Fiber Shoe 



Rifie Bullet Impact Toot: 

Explosions 

Partials 

Burned 

Unaffected 



Trials 

% 

0 

0 

1*0 

60 



Es plosion Temperature: 

Seconds, 0 I (no cop used) 

I 

5 Decomposes 
10 
15 
20 



C 

**56 

35** 

285 

265 

2*0 

255 



75 C International Heat Test: 

% Loss in 48 Hrs 



100'C Heat Test: 

% Loss, 1st 48 Hrs 
% Loss, 2nd 46 Hrs 
Explosion in ICO Hrs 



Flammability Index: 



Hygroscopiclty: % j0°C, K)» i’X 



Volatility: 



0.0 



0.0 

0 . 0 , 

More 



0.02 



■ailing Paint: C 



Unaffected 

Unaffected 



Refractive lades, n° 

n.“ 

n« 



Vacuum Stability Tost: 

cc/.'O Hrs, 

00 C 




tOO C 


0. 37 


120 C 


0.68 


135 C 


-- 


150 C 


0.7 



MB Cram Bomb land Teel: 

Sand, <jm 

Sensitivity to InitioMo.v 

Min mum Detonotmg ' .l.otge gm 
Ms’tury Fulmmote 
Leoo A nde 
Tetryl 



1 . 5.0 



0.20 

O.il 



Ballistic Mortar, % TNT: 



.) 



;oo 



Trausl Test, S TNT: 



Plate Dent "net: 

Method 
Cand *1 on 
Confined 
Density, gm/rc 
Bf.sunce, % TNT 



Detonation Rate: 

Confinement 

Condition 

Charge Diometer. in 
Density, gm/cc 
Rote, meters/second 




















A 



r 



AMCP 706-177 picratcl, 52A8 



TmAi 

rnpimNiwnm ■ w» 




Shaped Charge Effective sees, TNT = 100: 


«0 mm HE, M71 Projectile. Lot WC-tl: 




Glass Cones Steel Cones 


Density, gm/cc 


1 . 6 l 


Hole Volume 


Charge Wt, lb 


2.075 


Hole Depth 


Tstvi No. el fmiwh: 




Color: Brown-yellow 


For TNT 


703 


For Subject HE 


76? 




Pri stipe 1 Uses: AP, SAP projectiles end bombs 






3 inch HE, M42A1 Frejectite. Let KC-S: 






Density, gm/cc 


l. 6 l 




Charge Wt, lb 


0.850 




Total Ne. ef Fregmestt: 


51V 


Method td Loodieg: Cast 


For TNT 


For Subject HE 


i*8t 




Loading Density: gm/nc 1 . 62 


F re genet Velocity: ft/sec 


2590 




At 9 ft 




At 2314 ft 


2320 


Storage: 


Density, gm/cc 


1.62 




Blest (Relative te TNT): 




Method Dry 

Hczord C.oss (Quantity-Distance) Close 9 


Air 




Compatibility Group Group I 


Peek Pressure 


100 




Impulse 


100 


Exudation None at 65°C 


Energy 


.. 




Air, CeefieW: 




Preparation: 

Picratol ie made by heating BIT to about 


Impulse 




90°C in a steam-jacketed melt kettle. Explo- 


UiAr Water: 




sive D is added slowly, without preheating, 
and the mixture stirred until uniform In com- 


Peak Pressure 




position. This slurry la cooled to about 85°C 


Impulse 




and poured Into the appropriate emswnltlon 


Energy 




component. 






Origin: 


Uodorgraoad: 




Peak Pressure 




Developed during World War 11 as ar. lnsensi- 


Impulse 




tlve, -‘-it-loaded AP bomb and projectile filler 


Energy 




Booster Sensitivity Test: (c) 


Bomb Drop Test: 




Condition Cast 


17 , 2000-lt Semi -Armor-Piercing 




Tetryl, gm 100 

Wax, In. for 50^ Detonation 1.00 


Boat vs Concrete: 




Density, gm/cc I.63 


Max Safe Drop, ft 10,000-12,000 
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W- 
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■ir 



Plcratol, 52/48 



References: 59 

(a) 1 C. Smith and E. Ci. Eyster, Physical 



of 



loalves, Part III - Mlacellaneoua 

Sanaltlvlty Kata; Performance Teat s, OSRD Report No. 57 1 *6, 2 1 ? December ?Q45. 

(h) D. P. (fccTtougall, Methods of Physical lasting , OSRD Report No. 803. 11 August 19^2. 

(c) L. C. Smith and S. R. Vaiton, A Consideration of RDX/Wax Mixtures as a Substitute for 
Tetryl In Boosters , NOL Memo 10,303i 15 June 1949* 

(d) R. W. Drake, Fragment Velocity and Panel Penetration of Several Explosives In Simu- 
lated Shells , OSRD Report No. $622, 2 January 19W5. 

(e) Also see the following Pica tinny Arse’ -',1 Technical Reports on Plcratol: 



0 

11*70 



1 

1885 



li*66 

1796 

1956 



1737 

1797 



8 

1838 



2 

1729 



^See footnote I , pnge 10. 
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Picric Acid 



Composition: 

% OH 

C 31-5 A 

H 1.3 °2 N ~| ^ 

N 10-3 

0 48.9 ' 

✓ , K0 -r 

C/H Ratio 0.656 2 


Oil 

0 

25 

1 


Impact $«f»«itivtty, 2 Kf Wt: 

Bureau of Mines Apparatus, cm 


85 


Sample Wt 20 mg 
Picotinny Arscnol Apparatus, in. 


13 


Sample Wt, mg 


17 


Friction Fitidulun Ted: 
Steel Shoe 
Fiber Shoe 





Molecular Weight: (C/H, 



Kill* Bullet Impact Tad: Trial; 

% 

Explosions 0 

Partials 60 

Burned 40 

Unaffected 0 



Explosion Temperature: °C 

Seconds, 0. 1 (no cop used) 

1 

5 Decomposes 320 
10 
15 
20 



7]‘C International Hoot Tad: 

% Loss in 48 Hrs 


o 05 


100 C Hoot Tod: 




% Loss, 1st 48 Hrs 


0.03 


% Loss, 2nd 48 Hrs 


0.09 


Explosion in 100 Hrs 


I.’one 


Flammability Index: 


Hygrascopicity: % $)°C, vo£ mj 


O.OL 


Volatility: 



Oxygon lelonce: 

CO. % 

CO % 




-'•5 

-3-5 


Density: gm/cc Cry 


stal 


1.76 


Melting Point: ”C 




122 


Freezing Faint: ’C 


(oiling Faint: °C 


Refractive Index, nS 

Hi* 

.o 

•lyo 


Vacuum Stability Tad: 

cc/40 H >, ot 
C 

!00‘C 

120’C 

I35’C 

I50*C 




0.2 

0.5 


200 Cram Bomb Sand Tad: 

Sand, gm 




48.5 


Sensitivity to Initiation: 

Minimum Detonating Chorge, gm 
Mercury Fulminote 
Lead Azide 


0 . 26 * 

0.24* 


. Tetryl 

♦Alternative initiating 


charges. 




Ballistic Mortar, % TNT: 


(») 


112 


V—..I Too# QL TUT. 




101 


. * " 


Wot* Dent Teft: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 


(c) 


A 

Pr;-£red 

Ko 

1.50 

107 



Detonation Rata: 

Confinement 

Condition 

Charge D imeter, in. 
Density, gn ; cc 
Rote, mefers/second 



: ressea 

' .0 


















ten '■ Acid 
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Boaetar Sensitivity Test: 




(c) 


Condition 


Pressed 


Cast 


Tetryl, gm 


10 


5 


Wax, in. for 50% Detonation 






Wax, gm 


2 


0 


Density, gm/cc 


1.0 


1.7 


Heat of: 






Combustion, col/gm 




2uT2 


Explosion, col/gm 




1000 


Gas Volume, cc/gm 




*75 


Formation, cal/gm 




2Lo 


Fusion, col/gm 




20.1 


Temperature, 




122 


Specific Hoot: col,gm/°C (e) 
°C 






~5 




0.23? 


30 




0.253 


6o 




0.282 


90 




0.31C 


120 




0 337 



•(■ruing Kate: 

cm/sec 

Thermal Conductivity: ( f ) 

co!/ sec/crr./ *C 
Penalty, gm/cc 

Coefficient of Expansion: 

Linear, %/'C 

Volume, %/*C 

Hardness, Mohr' Seale: 

Young's Module*: 

E', dynes/cm 2 
E, Ib/inch* 

Density, gm/cc 

Comprassivo Strength: Ib/inch' 



6.21 x 10 

;..Lo6 



Vapor Pressure: 

C 



Decomposition Equation: 

Oxygen, otoms/sec 
(Z/sec) 

Heat, hilocalorie/mole 
(AH, kcol/mol) 
Temperature Range, C 

Phase 



Armor Plot* Impact Test: 

•0 mm Mortar Projectile: 

50% Inert, Velocity, ft/sec 

Aluminum Fineness 

5 00- lb Gene -el Purpose Bomb*: 

Plate Thicknes ,, inches 



mm Mercury 

P. 

■0 



Bomb Drop Test: 

17, 2000-lb Semi-Armor Piercing Bomb v* Concrete: 

Mox Safe Drop, ft 

500-lb ~enerol Purpose Bomb n Concrete: 

Height, ft 
Triols 
Unaffected 
Low Order 
High Order _ 

1000-lb General Purpose Bomb vs Concrete: 

Height, ft 
Triols 
Uno flee ted 
Low Order 
High Order 
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Picric Add 



FtOyMOOlellae T wfl 

90 earn HI. M71 Piejeslila. Lot WC-tl: 

Density, gm/cc 
Chary* Wt, lb 

Total No. d Fugueo**: 

For TNT 
For Sub|«ct HE 

1 lack HI, M42A1 PiofoctM*, Let KC-J: 

Density, gm/cc 
Chorg* Wt, lb 

Total No. of Ftogaaaots: 

For TNT 
For Subioct HE 



F rogMoot Velocity: ft/soc 
At 9 ft 
At 25% ft 

Density, gm/cc 



Moot (RotatWo ta TND: 
Air 

Rook Pressure 

Impute 

Energy 



Shaped Cborgo IffattiTSoeu. TNT = 100: 

Glau Conai Stool Cone* 

Hole Volume 
Hole Depth 


Color 


Yellow 




Niripil Ums: Formerly projectile filler. 


now explosive admixture; and for 


the 


mauufac ire of Explosive D 




MeMw4 eff Lee4m§: 


Pressed 


1 o idle g Density: gm/cc 


pel x 10' 




3 5 10 


IP 15 


20 


1.40 1.50 1.57 


1.5? l.ol 


1.64 


Sterna 






Mother 1 




Dry 


Hazard Clou (Quontity-Distonce) 


Class 9 


Compatibility Group 




Group X 


Exudation 




None 



Air, Coo f lood: 
Impute 

Uador Wetar: 

Peok Prouuro 

Impute 

Energy 



Peak Prouuro 

Impute 

Energy 











Picric Acid 
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■ubllity; trw per 100 mm ii) oft (g) 



Wter Alcohol 



Bentene 



Toluene 



Ether 



!s 


£ 


°s 


* 

i. 


!c 


£ 






£ 


fc 


£ 


0 


0.85 


0 




0 


~2 




20 


-13 


20 


** 3 


20 


1.1* 


20 


^•9 


20 


3,6 




60 


~30 


3l)-7 


3-! 


1)0 


1.88 


1)0 


12 0 


1)0 


27.5 












60 


2.96 






60 


59 












80 


fc-53 




















100 


7.1 




























'Tar bon 












Chloroform 


Ethyl 


scetete 


telK' chloride 




Pyridine 


Acetone 


fc 


£ 




£ 


!s 


£ 






£ 


!£ 


£ 


20 


-2 


20 


1)2 


20 


~0.07 




10 


21) 


20 


125 


60 




30 


50 


60 


“"O.!) 




30 


37-5 


30 


137 






1)0 


58 








50 


s8 


1)0 


i6i) 






50 


69 












50 


208 


Methanol 


Ieooropyl alcohol 


Propanol-1 




Carbon 


diaulfida 




!s 


£ 


°_C 




1 


fc 


£ 




°_C 


£ 




0 


ii) 


10 




6.1) 


0 


2.1) 




20 


0.12 




20 


19 


30 




9.8 


20 


3-3 




30 


0.16 




1)0 


31 


50 




15*5 


1)0 


5-A 










50 


i)i 








50 


7A 











porotion: (SuiMary Sep, rt of HEBC, Dlv 8, Vol I) 

CgHg + Hg(H0 3 ) 2 » C 6 HfSiK) 3 + HH0 3 (l) 

c 6 h 5 b «'~ 3 ♦ *■ CgHjBO + Hg(H0 3 ) 2 (2) 

W 0 + am * c 6 h 5 » 2 ro 3 (» 

C^HjHglK^ + HgO > CgH^OH + 8g + HNOj (3b) 

C6H5QH + HN0 3 *°2 * OglfCgH^OH + HgO (3c) 

C 6 H 5 NO ■■ ■ ^2 ,» 0^» W H (k) 

oxidation and rearrangement 

OgHCgCH + H«0 3 * (OglOgCgH^H + HgO (5) 

(OgH) g C^H,OH + HHO, R0 2 v (0gH) 3 CgHg0H + HgO (6) 




* 



f" 



e 
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Picric Acid 



The tvo variables of greatest importance in this process are nitric acid concentration and 
the effective concentration of benzene (i.e., benzene dissolved in the oxynitration solution). 
The optimal, concentration of nitric acid is in the range 10.4 to 11.6 molar (or the eqi ivalent 
of 50$ to 5 r $ by weight for pure acid). The acid concentration greatly influences the over 
all rate of reaction, below 10.4 molar th< rate falls off rapidly, while above 10.4 molar the 
rates <-i both the oxynitration reaction am, various side reactions, such as direct nitration, 
increase rapidly. Hie range mentioned above seems, in general, to give the lowest proportion 
of neutral nitro- compounds to ni tro-phenols ith, at the same time, an adequate rate of err, ni- 
tration. The oxynitration solution must be fortified frequently, or, preferably, continuously 
with nitric acid. Strengths of nitric acid between 95$ ar.d 9 8 $ are beat, due vo the smaller 
increase in reaction volume than if weaker acid were used. The i:re of absolute nitric acid 
requires that it6 direct contact with liquid benzene be avoided. 



Hie effective concentration of benzene i ibably the most critical variable affecting 
the proportion of neutral nitro- compounds to n, t- iphcncls and amount- of colored ly-produc.s. 
Saturation of the o^mtiation solution v ith be, tune , s undesira...' a,.d thus in batch processes 
slow benzene addition is preferable to the ddition cf it in one portion; ir. continuo. s pro- 
cesses vher ; an excess of benzene is usee .he rat* of agitation is important. 



The com entration of mercuric nitrate catalyst does not appear to l.e a critical factor 
c'ur - iaiit! y vi.de range. Concentrations of 0 . y to 0-5 mole of mercuric nitrate per liter 
of oxynitratlo. solution have been found to give satisfactory results in most cases. 



A continuous pi 'cess, known as the continuous locution process, works or, the following 
cycle. The oxynitra ion solution is saturated ' i th benzene by vigorous agitation with excess 
benzene at r 'em temperature, the saturated scl,.tlon is separated from excess benzene arid cir- 
culated thro gh a heated coil; it is then cooled to room temperature t..a agitat. i again, with 
benzene, which ext me the organic product and reeaturates the oxynitration solution. In 
evaluating this process, the rate of formation of dinl trophenol per liter of reacting solution 
in the coll deterr. :.ed; 70 gm of diuitropheno 1 per liter per hour Is repre ser tat ive perfor- 
mance. Hie dlniw’o; (.end i s , of course, nitrated to picric acid. 



Origin: 



Picric Acid was first prepared in j 771 by Woulff wno foui.7 the reaction of nitric acid 
and indigo yielded a dye. iiausmarn isolated Pier! A- 1 In 177d and st.d-ed it further 
(Journal de physique j2, 165 (l?St)). The prep 'ratio, was studied by mar v chemists but in 
1841 Laurent established its identity (Ann chin yhyc I/;, ^ 221 (lS4l)). it was ..red as a 
yellow dye until Hirpln, Ir, lot 5, proposed Fieri . 1 as a n-rsth,. charge Ur high exp 1 civt. 

shell (French Patent i'..7, 512). Ihe British adopted , icric Acid as a military explosive ir. 
ebbd under toe uace of lyddite and other nations soon began to use it ts the first, melt- 
loaded nigh explosive. Mixtures of other explosives and Picric Acid vere developed until it 



was gradual! 
Explosive I). 



replaced by T7IT about T-XK). TV day 



lc Acid is used for the nanufacture of 



Leetructlo:. 



oh 



fhemicai decomposition' 



Picric Acid ,s decomposed 
1 part scdlum hydroxide ar.d 2. 
hydrogen sulfide and ammonia are evolve 



dissolving in 25 times I's weight of a solution msde from 
parts sodi ;:.. s,lfidc i iia^.'V fc’gO) ir. 200 parts of water. Some 



;i>u ,,, 






•>» 

' r 
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Picric «\» — » 



(•) I* C. 3fclth and E. G. fyater, Physical Testing of Eamloalves, Part III - Mlrcelleneous 
Rsnaltlrlty Ifcsta; Perform no Tc«t« , OSKD Report Ho. 5T«j, Deceolber 19^5- 

(h) R». Haoua, 2 ges Schl ass-Sprengstoffw , pp. l8l, 229, 267 ^27 June 1932). 

(c) D. P. MacDougall, Methods of Farcical Jesting , OStJ Report No. 803, 11 August. 1?>»2. 

(d) 0. H- Meeaerly, The Rate of Detonation of Various Etploalvc Coapounda , OSRD Report 
Ho. 1219, 22 February l&T- 

M. D. Hurvltz, The Rate or Detonation of Various Ooagounda and Mixtures , OSRD Report 
Ho. 5611, 15 January 19^ 

(e) International Critical Tablea . 

(f\ e. Hutchinson, ttg Bieraal Senaltlveneaa of Bxploalve8. Ifae Thermal Conductivity 
Eoloeive Materials , AC Report No. 2061, First Report. August 19&&- 

(g) Values taken froa various sources In the open literature. 

(h) Also see' the following Picatlnny Arsenal Technical Reports on Picric Acid: 



2 


2 


k 


2 


6 


I 


8 


2 


132 


1383 


69 U 


65 


266 


13**7 


1118 


15^9 


582 




76A 


1*25 


556 


1557 






1172 




87U 


1585 


926 








1352 








976 








13T2 








966 














1W 
















1556 












«• Cootnote l, page 10. 
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% 






310 
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PtagaaaaMNaa Tasts 




Maw HI. M71 PratacMa, La» WC-91: 




Danaity, gm/cc 


1-33 


Charge Wt, lb 


1-723 


TaSoi Na. si Fragments; 




For TNT 


703 


For Sublet HE 


519 


UrnckHI. MttAI PrefrtHh, Lat KC4: 




Density, gm/cc 


1-39 


Charge Wt, lb 


0.735 


TaM He. ef Fragments: 




for TNT 


51* 


For Subject HE 


1*28 


haganaS V shelly: ft/sec 
At 9 ft 
At 2514 ft 
Density, gm/cc 



lint (Baiwi** te TNT): 

Akn 

Peak Pressure 

ImpulM 

Enwgy 

Air, Caa f ias i l : 

impulM 

IMw WMr v 

Peak Pressure 

ImpulM 

Erwryy 



Peak Prar’ure 

ImpulM 

Erwrgy 

Preparation: 



PIPE Is manufactured by simple mechanical 
mixing of PETN In oil. 



Ik a p e d Ch a rge IHwIkw w, TNT = INi 

Gloss Cones Steal Cones 

Hole Volume 
Hole Depth 



Uses: Pleatic demolition explosive 



Laedfcg Paa s l ty: gm/vc 



Method 

Hazard Class (Quantity-Distance) 
Compatibility Group 
Exudation 



Band tamped 



1-35 



Dry 

) Class 9 

Croup I 



meehani 
, was d 
d War I 






Sensitivity Teste: Pe 



port No* >7*e, 27 December 1 

(b) S. Livings ton. Properties of Explosive s 
RIPE, PIPE and PEP-3 > Pica tinny Arsenal Techn 
cal Report 1517 » 24 Apr i 1 19^5- 



footnote l , page 
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Plumbatol 




29*i 




Plumb* toi 



AMCP 706-177 



fuimwhWii Tmh 

•0 mm HI. Ml t 

Density, gm/cc 
Chorg*Wt, lb 



PniMtih, let WC-91: 



T«H m, el lium w N i 

For TNT 
For jubjecr HF 



3 lack MI.M41A1 

Density, gm/cc 
Charge Wt, lb 



Pr ejecH t e, Let KC-J: 



Tetei He. ef FiegeM 

For TNT 
For Subject HE 



Fregeseet Vetedty: ft/sec 
At 9 ft 
At 25% ft 

Density, gm/cc 



(leloMre te TNT): 



Air: 

Peak Pressure 

Impulse 

Energy 

Air, Cse fi ee d: 
Impulse 

Ueder Weier: 

Peak Pressure 

Impulse 

Energy 



Shaped Charge Hfet t lvsees s . TNT = 146: 

Glass Cones Steel Cones 
Hole Volume 111 

Hole Depth 103 



Light yellow 






LseOlsq Din t ; : gm/cc 



Method 

Hazard Class (Quontity-Distonce) 
Compatibility Group 
Exudation 



Dry 

Claes 9 

Group I 



Paok Pressure 

Impulse 

Energy 

Preparation: 



Plumbetol is manufactured by simple 
mechanical mixing of lead nitrate in molten 
TNT. 




^Sce footnote i, page !0. 







AMCP 706-177 



PLX (Liquid) 



Meloceler Weight: 



% » 
ill ticrae thane 100 95 

Sthylr.nedieaiae — 5 

*Tbe Mixture 95/5 Hltromethane/Ethylenadiemlne 
1* designated PLX (for Plcetlcoy Liquid Bcplo- 
•lv«). See note under Storage . ~ 



C/H Ratio 



■fact Ss e e h Ml y. 2 K| Wh 

Bureau of Mine* Apparatus. cm 
Sample Wt 20 mg 
Pkatinny Arsenol Apparatus, in. 
Sample Wt, mg 



100 95/5 

lOOt 100t 



20 20 



Oxyfca Bateace: 

CO. % 

CO % 


-39 

-13 


-*8 

-21 


Beatify: gm/cc 


1.14 


1.12 


as - Met— . 

inpni| rnKii s* 


-29 




Prssslei Peief. *C 


BaMag Mat: *C 


101 





Refractive Mn, n» 



Prictija Read 

Steel Shoe 

fcl CkM 

nosr jngf 



Teat: 10 Trials 



Explosions 

Portiols 

Burned 

Unaffected 1 

Seconds, 0 .1 
1 
5 
10 
15 
20 

tt . 

V# « n^n IW«« 

% Loss in 46 Hrs 

100*C Heat Tech 

% Loss, 1st 48 Hrs 
% Loss, 2nd 48 Hrs 
Explosion in 100 Hrs 



Unaffected 

Unaffected 

5 Trials 

* 



Voceam Ste h BRy Test: 

cc/40 Hrs, ot 
90*C 
100*C 
120'C 
135*C 
1S0*C 

200 Grass Beeih Saad Tart: 100 

Sand, gm 8.1 

m , -*-* »«-- « ‘ct »« -- 

MROTIVray aw NrnW^Pt 

Minimtan Datonof ing Charge, gm 
Mercury Fulrr.inote 
Leod Aiide 
Tetryl 



lafRetk Matter, % TNT: 


134 


Tread Teel, % pa 


127 



Plata Beat Test: 



Condition 
Confined 
Density, gm/ce 
briso nee, % TNT 

Pstsi isH sa Rate: 

Confinement 

Condition 



1/32"* 

Glees 

Liquid 



Charge Diometer, in. 1-25 
Density, gm/cc l.l 1 * 

Rote_meters/second 6210 






1/32"* 

Glaaa 

Liquid 

0-9^ 

1.12 

6165 




RltroMtbaM 





















AMCP 706-177 



PLX (Liquid) 



Fragrmaatultaa Test: 



M sen HI. M71 Pro*ee«.e, U» WC-91: 
Density, gm/cc 
Chorgti Wt, lb 

Tstsl HI 

For TNT 
For Subject HE 

3 tack HI, M42AT PicjccHli, 1st *£4: 

Density, gm/cr. 

Outflow;. It 

Total No. of F mflUoH : 

For TNT 
For Subject HE 



taflowt Vobdty: ft/tec 
At 9 ft 
At 25% ft 

Density, gm/cc 



(Relative te TNT): 



Ain 

Rook Pressure 

Impuiso 

Enotfly 

Air, f S e e d : 

Imputes 

Uader Wotr: 

Peok Pressure 

Impuiso 

Energy 



Peok Pressure 

Impuiso 

Erergy 



Shaped Ckorflo IHoeHeooots, TNT = ICOt 

Gloss Cones Stool Cones 

Hole Volume 
Hole Depth 



Color. 



Light yellow 



Prinripol Usee: Minefield c leering 



Method of teedtafl: 


pumping 


Leedtafl Blacky; gm/cc 


100 22Z2 

1.1b 1.12 



Stonge: 

Method Components stored separately; 

mixed only when ready to use 

Kosord Class (Quantity-Distance) 

Compatibility Group 
Exudation 



Minimum Propagating 
Thickness, In: 


100 

33 


Viscosity, centlpolses: 


«*) 


Tern;, 10°C 


0-748 


25°C 


0.625 


40°C 


0-533 


Compatibility with Metals; 





Stainless steel, mild steel end durlron 
not affected; corrodes brass. 



:too 






4 

5 



pm: (Liquid) 



AXCP 706477 






& ' 



Origin; - 

Mitre— the ne bv been known tine* 1872 (Kolb*, J prakt (2) 5, ^27 (lc72) > °'it vaa 
mlUble only u a laboratory product until it appeared aa *» indue trial chemical in 19*0, 

A number of patent* have been iaaued for nitre— thane produse-1 as a by-product of the fcitr*- 
tioTo^prcpine (0. S. Patent 1,967,86? (193*0; VrtUah Patent > 3,707 (1937); end Canadian 
Patent 371,007 (1936). 

U» development of nitromethan* liquid w^loaivea w» bawd oa information that nitro- 
■ethane la eenaitited to initiation and propagation of detonation by the addition of various 
aadnea. IMs study made at Pica tinny Araanal in 19*5 indicated that statures of nitre— than* 
vith Si of ethylenadiaaine , n-butyl-anina, or morpholine eJrwed considerable premia* for ap- 
plication in mine-field clearance (L. H. Krikaen and J, V, dowen. PATS Ho. 1565, 1? September 

19^5). 

References: 6 3 

(a) E. E. Holcomb and C. F. Dorsey, "thensodynamic Properties of Kitroparaffina," Ind 
Engl Chem hi, 2788 (19^9)- 

(b) J. W. Willi ams , "A Study of the Physical Properties of Bitroesethsne," J Am Cfeem Soc 
h 1, 26U (1925). . 

(c) L. Medard, "Explosive Properties of Nitromethaae, " Mem poudr 125 (1951). 

(d) T. E. Cottrell, T- E. Graham and T. J. Held, "The Iherral Decomposition of Nitro- 
n-thanes," Transactions of the Faraday Social, J7, 581 (1951) • 

(e) F. Bellinger, H. B- Friedman, V. E- Bauer. 0 . W. Bastes and W. C. Bull, CJieaical 
Propellants; Stability of Mononitrcxaeiriane, " Ind Engr diem hO, 1320 (I9h8). 

(f) Also see the folloving Pi catiimy Arsenal Technical Reports on Sitramethant: 






j ' r ~l:£ -jy-: 



m 









- '.r&U ><££■* 

-r 



See footnote 1 , 0&V,* W. 



A»CP 706*177 



gotMjlap 



C» t w l H w : 
* 



0 36.3 0 ,H 

K 1*.8 |_ 

C/H Ratio 0 M 6 



Miliwlii WHghh (KCgHj^Og) 



■pwtlwwMrft y, aUgWh 

Bureau wf Minas Apporotus, an 
Sompi* Wt 20 mg 

Wcottiwy Artsnal Apporotus, In. 3 i (1 U> Vt) 6 
Sompi* Wt, mg 7 



Okj^oo idiMts 

CO, % 

CO % 




•60 

-18 


P*eillyi gm/cc 




2.21 


** -«*« *-<>-». •/“ 


Sxplod** 


210 


hM^Nrit'C 


BHBegMa* *C 



St**) She* 

FaMrSho* 

RM* Ml* tape* T**: Trio It 

% 

Explosion* 



Explod** 

Explod** 



Burned 

I * 44- r* 

UfWTFKTN 

b*UM Twapaialw*: *C 

Seconds, 0.1 (no cop u**d) — 

1 

5 250 

10 

. V: •> 15 

20 



Vwn* StaMtMy T**J 

ce /40 Hi*, * 

90 *C 

100 ‘C 

120 *C 

I»*C 

150*0 

909 OwftO SotO Tir^i 



Minimum Oalonating Chorg*. gm 
Mercury Fuimlno** 0.30 
Lead Axid* 

Tsliyl 



MWh M«it*t , % THTt 



Tt*C l*l»m»H»ii*l Hut T«*i 
% lot* in 48 Hr* 




100 ‘C H** T«*> 

% Lot*, 1 st 48 Hn 


0.03 


% Lot*. 2 nd 48 Hr* 


0.05 


Explosion in 100 Hr* 


Hom 


HunwtWty Mn: 





VJtU Btyi 



Condition 
Confined 
Density, gm/cc 
Brttone*, % TNT 



Confinement 

Condition 

Charge D*ao«*t*f, in. 
Density, gm/cc 
Rot*, m*t*r*/s*cond 



,an.*M 











\>cnornQn 

Tatryl, gm 

Wax, In. for 30% Detonation 
Wok, gm 
OeneMy. gm/cc 



HMtfi 




Combuetion, col/gm 


2209 


Enlnikn to l/mn 

anaa ^peae 


725 


Goa Voiuma, cc/gm 
Focmotion. col/gm 
Fuaion, coi/gm 


6oL 


IgecMk Neats col/gm/ *C (b) 




!c 




-50 


0-217 


0 


0.217 


85 


0-217 


r , 50 


0.217 


•oMdag Rates 




cm/ tec 




TImnmC CMfectfrfey: 




coi/ete/cm/*C 








Volume. %/*C 




MmAmm, Mtfcc* toll 


Yeaag'a Medafaa: 




E', dynea/em* 
E, Ib/inch* 
Oenaity, gm/cc 




Cengreaatre Strength: Ib/inch* 



Y^get PfOMBfi i 

X 



Oaygen, otoma/aec 

(Z/eee) 

Um* kitanlvii/iMli 
(AH, kcot/mol) 
Tsmperoture Range, *C 



PMa kagaal Tmh 



M aaMartarNMItt 

30% Inart, Vetoeity, fi/aac 
Aluminum Onantet 



Plata Thkknaaa, inchae 



aA Daag Tati 
T7, M M % I ami Ana 

Mom Soft Drop, ft 



Low Order 
High Ordtr 



Haight, ft 
Triola 



mm Mercury 



Lew Order 
High Order 







AilCP 706-177 



Potaaslua glnltrobcc-ifuroxau (KDHEF) 





AMCP 706-177 




Potssslun m nl tro uen zfuroxar (KDtB?) 



fcjggttg of WMritti 3»It of V,6-ddtrobentfurcgan: (■) 

im f u rana, Bade by the reaction of crtho-dtroaniline «*;'■ alkaline sodium hypochlorite, 
w dissolved In 6 parts of 9 6)1 sulfuric add and nitrated at j°-20°C with a k to 1 eulf uric- 
nitric add alxtura. Bie salt was prepared by neutralization of the h,£-dldtr6benzfuroMn 
with potass! ua blcarhona+r followed by recrystalli ration fraa hot water, the product form 
in assl.l golden orange plates which explode at ZLO°C. 



lbs potaadUD salt of h,6-dinltrbbenzfUroaan wae first prepared in 1899 hy von P. tk-oet 
(Arm yf, $6 (1899))- 

References; 64 

(a) R. J. Oaughran, J. P. Picard and J. V. R. KAufkan, "Contribution to the Cheadetry of 
Bs s sAiw a a DsrlTatires," J la Omb Soc j 6 , 2233 (195*0- 

(b) C. Ienrhlts, Tea Caloriaeter Detaradaatlon of Ba t halpy and Spadflc Heat of K ievan 
Oremwtallic Oomwunda. feWB Mo. 228k, Boreater 1.95$. 

(c) Also aae the following Ploatinny Arsenal Technical Reports on Potasslia dnitro- 



£ 1 i 2 

2122 2093 2116 2179 







\ 

I 

* 

I 

» 

i 

t 

» * 

< 

* 

♦ 

i - 

l 



j 

t 

i 

I 

4 



footnote l, page 10. 
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AM CP 706-17? 



y -I ■ — W, t.fce 



hoiou of Minn Apparatus, cm 
SanphWtK mg 
PtccHnny Amnol Apparatus, In. 
Sampts Wt, mg 



Sacondi, 0.1 (no cap used) 



Ht IsNissNissI Hast Tesft 

% Lass In 48 Hrs 



lire that Tsst: 

% Lass, 1st 40 Hit 
% Loss, 2nd 40 Hrs 
Explosion in 100 Hrs 



RE, 15 days 



04 

W ees fry : gm/cc 



C 



C 



NU; *C 



WsMeaNeMe 

Suti Shot 

OtikA- ClkJM 

nss* angv 


■ Tsst: 




IMtMalsp 


set Tsst: 


Trials 






% 


Explosions 




20 


Oh- 

V UINM 




20 


iumod 




0 


unomcivo 




60 



Refractive Index, n° 
n> 
t»£ 






Vacuam StebMty Tsst: 

cc/40 His, at 


90’C 






100*C 




3-0 


120*C 

135*C 


150*C 




~ 


209 Qmd OmhO 


Sand, gm 




5L.8 


• t^t- ls_. ^ l-uysl^. 


' 




Minimum Detonating Charge; gm 




Mercury Fulminots 




0.23* 


Lead Azide 




0.22* 


•AlterJrfive initletlnx 






BaHsMe Martas, % TNT: 


(•) 


132 


Tran! Tart. % TNT: 


Mata Daat Tost: 


(b) 




Method 




B 


Condition 




Cast 


Confined 




Bo 


Density, gm/cc 




1.68 


Brisanca, % TNT 




12T 


! — — 

P—MtHtw late: 


Confinement 




None. 


Condition 




Cast 


Charge Diometer, in. 




1.0 


Density, gm/cc 




1.6L 


Rate, meters/tecond 




7655 

























PTX-1 



AMCP 706-177 



HwH Cberge EHesHvema w . TWT = 1Q». 



90 MB HI. M7; I 

Density, gm/cc 
Charge Wt, lb 



Hsllttili, Lee WC-91: 



Glow Cane* Steel Cones 



Hole Volume 
Hole Depth 



TaM Ne. ef Fiagi 

For TNT 
For Subject HE 



I tack HI. M42A1 

Density, gm/cc 
Charge Wt, lb 



PujtcMe, Lee KC-): 



TsSei He. s# Fregwei 

For TNT 
For Subject HE 



Uses: lend mines end demolition 
charges 



Fugues Vile iky: ft/tec 
At 9 ft 
At 25 V< ft 

Density, gm/cc 


2690 

2W0 

1.6U 


Btast ItsleHvs Se TKT); 




Ain 


(d) 


Peak Pressure 


1U 


Impulse 


109 


Energy 


— 


Air, Ceaftaedt 




Impulse 




Under Waken 




Plok PriUHJf# 




Impulse 




Energy 








Peak Pressure 




Impulse 




Energy 





Lm4r|: 


Oast 


Leedlei Oemefey: gm/cc 


1.68 


Stawyet 




Method 


Dry 


Hazard Claw Kfciantlty-Oistonee) 


Class 9 


Compatibility Group 


Group 1 


Exudation 


Baidas at 65°C 


Preparation^ 



Booster Sensitivity 



Condition 
Tetryl, gm 

Wax, in. for 50 % Detonation 
Density, gm/cc 



The ternary explosive system consisting of 
RDX, tetryl end TKT is prepare d by adding tbs 
appropriate weight of veter -vet RDX to a tetry- 
tol (It0/60) previously melted in a steam- 
jacketed melt kettle. Heating and stirring 
are continued until all the water la evaporated 
end the mixture is uniform in composition. 

PTX-1 is also prepared by adding tetryl to RDX 
Composition B. 

Compatibility vlth Metals: 

Dry: Aluminum, mild steel not affected. 

Wet; Aluminum, mild steel not affected. 



Prissed 

100 

1.9t 

1.6l 




AMCP 706-177 



Origin: 



Die possibility of emp) aying tornary mixtures to obtain explosives baring graatar power 
and higher brlaance than binary mixtures «u suggested by the analysis of Russian 76 as, 
axaor piercing high explosive rounds (P*TO So. 1311, IT July 19^3) • The Rissian %rpo ternary 
explosives, based on the composition and laboratory studies of auch mixtures, vara indicated 
to be effective pressed fillers. In conducting a preliminary study of oaa table ternary explo- 
sive Mixtures suggested by the Russian fillers, a mixture consisting of REX/tsliryl/TlT, desig- 
nated FIX-1 mas developed which had explosive and physical properties offering considerable 
advantage far Military applications (PA.TR Bo. Ij50, 27 October 1943; and 1379, 11 January 
1944). 

A m-3 composition, prepared by the addition, of Hale its to 40/60 tetrytol, else offered 
prod.se but Halted to applications where the '■barge would not be required to withstand stor- 
age at 65°C without exudation. 

Refe r ences : 65 



M L. 

Sensltivl 



C. Smith and E. G. Oyster, 
Testa: Performance Teats, 



leal Tea 



Bo 



(b) D. P. Madtougall, Methods of Physical testing , OSHD Report Ko. 033, 11 Augur.,; 1942. 

(c) L. C. Udth and S. R. Helton, A Consideration of BOC/vuc Mixtures as a aubetltutm for 
nrl In Rooetara. BOL Memo 10,303, 15 June 1949- 



(d) V. R. Tomlinson, Jr., Blast Effects of Bomb Kxploelves, BA Tech ntv Lecture, 
9 April 1948. 

(e) Also aee the following Picatinny Arsenal Technical Reports on PTI-1: 



J Ss. footnote 1 , png« 10. 



O inw Mmui 

CO, % 

CO % 



2*1» 



-33 
- 3 



gm/ee 



2wt*ctlo 



Nhtt *C 



2*3 



-36 

- k 



1.T0 



75 



y.SKgWkt 
Bureau of Mines Apparatus, cm 
Sample Wt 20 mg 
Plealirmy Aisanol Apparatus, in. 
Sample Wt, mg 



35 



*C 



Miut h n Mm, n& 



A« « fKno 

« JnWP 

runt ano* 



Crackles 



Test: 



Explosiom 

Portion 

Burned 



Trials 



0 

0 

to 



Vos— i 8ts>*y Tosh 

oc/40 Hrs, at 
90‘C 

I00*C 

I20*C 

135*C 

I50*C 



i 

Sand, gm 



i, 0.1 (no cap used) 
1 
S 



m *-» *- 4 _ lal^Uat 

•P— VWf W I— — »BBl 

Minimum Detonating Charge, gm 
Mercury Fulminote 
Lood Aside 



2.6 

11 + 



56-9 



10 

IS 

20 



7S*C b—leael Meet Test: 
% Loss in 41 Hrs 



tOB'C Meet Test: 

% toss, 1st 40 Hrs 
% Less, 2nd 40 Hrs 
Explosion in 100 Hrs 




'W wra, 15 days 



Tetryl 0. 



OiBlllli Merter. % TNT: 


(•) 


138 


Traeei Test, % TNT: 


Nats beet Test: 


(b) 




Method 




B 


Condition 




Cast 


Confined 




Ho 


Density, gm/cc 




1.71 


Brlsonce, % TNT 




1*1 


M«mNm tot*; 


Confinement 




Hone 


Condition 




Cast 


Charge Diameter, in. 




1.0 


Density, gm/cc 




1.70 


Rats, meters/second 




8065 



8 8/2 
























T«t! 



Uu t fi * 0 «n> i Wirtiwiw , TNt = NOt 



W-IHWI F r ajsc Hl s, Is* WC-tl; 



Gloss Const Stool Conti 



Density, gm/cc 


1.68 


Hole Volume ■*' 130 




Charge Wt, ft 


2.226 


Hole Depth 




TsNl He. a* ftsgmsrln 




(Baler: 




For TNT 


703 

1128 






For Subject HE 








Ms sip si Usee: Shaped charges 




1 M ME.M43A1 ftejscMe, Let KC-S: 




Fragmentation charges 


DeraHy, gm/cc 


1.70 






Chorga Wt, ft 


0.897 






TaSai Ha. af Fregmaatt: 

For TNT 
For Subject HE 


51*t 




cast 


750 






1.70 


Fisgmsat Veftd lyt ft/sec 




■MM ^ 




At 9 ft 
At 25% ft 


n 


El stags: 




Density, gm/cc 


1.70 


Method 


ftry 


Meet OUlsSfsa Se TWTb 




Hoard Crass (Quantity- Distance) 


Class 9 


Abt 


(d) 


Compatibility Group 


Group I 


Peok Pressure 


113 




Hons at 65°C 


Imputes 


113 


Exude (ion 


Energy 


ftm 







Air, C saW sad: 
Impulse 

Pooh Pressure 



I m pul s e 




Booster Sensitivity Teat: 


(c) 




Condition 


Presssd 


Oast 


Trtryl, ga 


100 


100 


Wax, In. for 5# Detonation 


1.87 


232 


Density, ga/cc 


1.70 


1.61 



Preparation: / 

Tbe ternary explosive systsm consisting of 
RDX, PEW and TUT la prepared by adding the 
appropriate weight of voter- vet RDX to a pen* 
Polite (30/70) previously aelted In a steaa- 
Je eke ted aelt kettle. Beating and stirring 
are continued until all the water la evaporated 
and the mixture la uniform in compos ltl on. 

PTX-2 is also prepared by adding vm tar-vet 
PEW to RDX Composition 3. 

Compatibility with Metals: 

S2L1 Aluminum, mild ateel not affected, j 

Wat; Aluminum not affected. 













pg-2 



AMCP70MT7 



0 i 

Origin; 

QM possibility of eaplcylng ternary slrUmiS to obtain explosive* baring great ar power 
and higher brlsar.ee than binary Mixture* via sug g es te d by the analysis of Russian 76 m, araor- 
plerclnj high explosive rounds (RMS So. 1311, IT July l£*3)> Ibe Russian type ternary explo- 
sives, based on the eonpoeltloo and laboratory studies of such mixture*, were Indicated to be 
effective pressed fillers. In conducting e preliminary study of csstsbls te rnary explosive 
sdjctojres suggested by the Russian fillers, s Mixture consisting of RUX/PHS/OTT, designated 
PTX-2 was developed which had explosive end physleal properties offering conaldereble advan- 
tage for sdlltary applications (PASS So. ljfiO, 2( October 19*»3i end 1379, U January 19tt). 

A PBC-b ooepoeitlon, p r epared by the addition of Bslelte to 30/70 Pentollte, also offered 
proadse but because of border-line stability la accelerated stability teats, PTI-b nust be 
proven by let« tern storage to be acceptable for use In standard «— ml 1 1 nr 

Hefarenceei 6 6 

(e) L. C, aalth and B. 0. tyster, Physical Basting of Saploelvea, Fart m - SleeelUneoue 
Sensitivity TWstsi Perforeanoe Basts , 6§tf Ssport So. 57*»6, 27 Dace*er 19*5. 

(b) D. P, MsoDougsll, Methods of Phrslcel Jaetlna. 06RD Report Bo. 803, 11 August 19*12. 

(o) L. C. SBdth and 8, R. Walton, A Consideration of Rg/W*x Mixtures sa e Substitute for 
retry! la Bocatara, SOL Ntno 10,303, 1? June 1W- ! 

) 

^4) V. R. Tcnllnson, Jr, , Blast Effects of Bosh Explosive*, FA Tech Ddv Lecture, 9 April 



2 

1379 
lte9 
1 k6o 



(e) Also see the following Pice tinny Arsenal Technical Reports on PTX-2: 



0 

1530 



2 

1A82 



1 A 83 

1623 



k 

Iklk 



l 

1**5 



6 

ll *66 



8 

1838 




footnote 1, page 10. 



% 

RDX 



il 



90 



Mslscsliv WMiht* 



Polyvinyl Acetate 
Mbutylphthalat# 

C/H Ratio 



8 

a 



***** leaeMrtty. a Kj Wli 

Bureou of Mines Apporotus, cm 39 

Sample Wt 20 mg 

Plcotinny Anenoi Apparatus, in. 9 

Sample Wt, mg 13 



Tali 



ft.,,. 

jWtl 

g«*. 

rWf gnOt 



Crackle* 

Unaffected 



l* pn t Test: 5 Trn. lt * 



Explosions 
Portia is 
Burned 



% 

20 

0 

60 



* at -lj6°C - Uneffected 



i Tif irstsn: *C 

Seconds, 0.1 (no cap used) — 



1 

5 Decomposes 
10 
15 
20 



330 

375 

265 



75‘C letemeHeeel Heat Tectt 
% Loss in 48 Hr* 




10TC Heat Test: 


% Loss, 1st 48 hrs 


0.10 


% Loss, 2nd 48 Hrs 


0.06 


Explosion in 100 Hrs 


Hone 


' ’ ' ~^jj 




0.20 


VetetMty: 55°C, vacuo, 6 hr* 


0.03 



Oxjrgee P riso n : 

CO, % 

CO % 



Deeefcfi gm/cc Fraeeed 



uarxep^yoiht: °c 

Inafai Men *C 



leMag Mdi *C 



Vecaoai StoUMy Test: 

ce/40 Hn, at 
90‘C 
100’C 
120*C 
135*C 
150*C 



MB Qraai Beads Bead Test: 

Sand, gm 



Minimum Detonating Charge, gm 
Mercury Fulminate 
Lead Azide 
Tetryl 

BeHWk Mortar, % TNT: 

Tread Tort, % TNT: 

Plot* Oeat Tee* 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 



Confinement 

Condition 

Charge Diameter, in. 
Density, gm/cc 
Rote, meten/tecond 



217 



-37 

•10 



1.60 



& 



0.b$ 

0.88 



11 + 



58.5 



0.22 



Hone 

Ceet 

1.0 

1.60 

7910 


























Ain 


Compatfcility Group 


Group I 


Pack Pn«uro 

hnputeo 

bwrgy 


Exudation 


Bone ot 71°C 


Air., Cooftoodi 

Impute* 


Plootlcity: 






-i»0 O C 


Crocked 


IMvWMh 






MAmm* 

Impuhe 


25 C 


0.3 


It- J J, 

VMP^«1MR 






Paok Prwaurt 

tapuko 

Emmw 
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m- 




Prepare tl on; 



— ! *e*i -plastic caspositiocof Canadian origin, coneista of 90 i Mjr, 8< 

dibutylphthalate (tCP). This formilatioo vu developed by ir. Buthur- 
laad of ajayinigan Chemicals, ttd. In mluatlng various type* of polyvinyl * estate cooMtr- 
jdWly waiilgb 1 # in the United State*, a type obtained fro* Onion Carbide and Carbon, »■»*— 

S^S*S/w3Sl?/w 9 % 6 %? AIMT «. the P«*i.ing coating for RIK in tba pro- 



A KeeUoal aethod of pre pari ng thia opposition vaa by the addition of a solution of the 
^ eqneou* aac elurxy. Based on the quality of the product and the pellet 
* y»*» * Prooedure of adding an acetone solution of m ♦ EBP to a hot eater 
slurry of BEK, under agitation, eas adopted es standard. 



MfiSSttL 67 

(a) See the following Pice tinny Arsenal Technical Reports on IVA- 4 : 1532 and 163b. 



footnote 1, page 10. 




AMCP 706*177 



, ».6 'Vn 1 ' 

0 

C/H Ratio 0.803 



BuroouofMIhe* Apparatus, cm 
Saa*le V» 20 mg 
P icotinny Arsonol Appo r o np , in. 
Sampto Wj, mg 



IV. 86161 
4 



Mils taler Wsighl; (CgHJIO,) 



Omm ifimm: 


-J»5 


cc. % 


CO % 


- 9 


1 Denrilyt gm/cc 



Stall Shot 
Ftoer Shot 



Crackle* 

Unaffected 



Second*. 0.1 (no cap 
I 
5 
10 
15 
20 



TS'CtatataeMoeal 

* Lost tn4«H 



IM*C Heat Total 



Heat Test: 



% 30 °C, 90 i KH 



cc/40 His, at 
90*C 
100*C 
I20*C 
I35*C 
150*C 



2M Cram Boa* load Ttatj 

Sond, pw 



16 hour* 
16 hours 



Minimum Detonating Charge, gm 




Mercury Fulminate 


-- 


Lead Aside 




Tetryl 





Moitar, % TNTs 



Mari Tort, % TKTi 



Meta Beet Total 



Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 



Con f inement 

Condition 

Ok fe Diameter, in. 
Density, gm/cc 
Rate, meters/ second 
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PVK (Polyvinyl ttltrate) 



Preparation: 

i 
t 



Vhn the nitration is c<sg>let«, tbs fixture is drowned by allowing a fine stream the 
syrupy liquid to flow fron the ultra tor and six intimately with a large stream of water- ibis 
causes the product to precipitate in a fine state. 

Cm finely divided precipitate is purified by boiling in frequent changes of water. 

Origin: 

Cm first preparation of polyvinyl nitrate waa reported in 1929 by solution of polyvinyl 
alcohol in concentrated sulftorlc acid and t reatm en t with nitrating acid at a temperature not 
over 50°C. (daman Patent 53T, 303) • Later patents issued relative to polyvinyl nitrate in* 
eluded 0. S. Patent 2,Ufl,li87 (193B) and daman Patent 737,199 (19^3) • 




Polyvinyl alcohol is nixed with acetic anhydride. %< mixture is cooled to -5°C and the 
nitric acid is added slowly while the mane is being atlri d. The temperature la controlled 
by the rate of acid addition so that whan ill the add haj bean added the taaparatura does 
not rlas above 20°c. 



! 





AXCPTM-m 



% 

an 

Gulf Crown S Oil 



C/N Ratio 



»i-> 1 



*ae» SeeelNrfty, 2 Kg Wh 
Buroou of Minot Apparatus, cm 
Sample Wt 30 mg 
Ptcetinny Aieanol Apporatut, in. 
Sampia Vft, mg 



Stool Shoo 
Ffcer Shoe 



Unaffected 

Unaffected 



I Tort! Trial* 

% 

0 

0 



fapMen Temperature. C 

Second!, 0.1 (no cap utod) 

1 

5 Decoapooes; no value obtained 
10 
15 
20 



7S*C lu ta r o o Naoo l Hoot Toot: 
% tow in 43 Hra 

f«'C Hot* Tetti 

% tow, lit 4$ Kn 
°b low, 2nd 48 Hrt 
txpldt&iin 100 Hrt 



Hp^MWfMhrt % 30°C, go* RE 0.04 

VeMftjri 



Oaygee Beleoce: 




CO, % 


-TO 


CO %. 


*35 


gm/ec Hand taxied 


1-3T 


IUUa, If 
feiWI w 




f roesieg hid) *C 



Refractive hides, n£ 
Bm 



Vacuum SteUhy TeN: 

cc/40 Hrt, at 
90*C 




100‘C 


0.3>i 


120*C 


0.56 


135*C 


y 


. 150*C 




380 Orem tomb Seed Tott: 

Sand, gm 


Uo.i 


f Ma UUe_ a. 
v^WnlVuy lw 

Minimum Detonating Charge, gm 




Mercury Fulminate 
Leod Azide 

Tetryl 


0.20 


SoMrtic Mortar, % TNT: (a) 


118 



Trees! Tott, % TNT 



Mote Doer Toot: 

Method 
Condition 
Confined 
Density, gm/ee 
firiionia, % TNT 



Confinement 

Condition 

Charge Diamottr, in. 
Density, gm/ee 
Rote, meters/sewmei 



Hand temped 
Bo 
1>3T 
85 



Bom; 

Hand tamped 
1.0 
1-37 

7390 






3 IP 


















•lad (Matte* t* THDi 



Ain 

P*ok Pressure 



Impute* 

Energy 



Alt, CmMi 
I mpute* 



IhteWtec 

Peok Pressure 



Impute* 

Energy 



Peak Pressure 

Impulse 

Energy 

Preparation: 



RIPE Is manufactured l,, simple mechanical 
mixing of RDX lr. oil. 



AMCP 706-177 



Fregasaateteee Test: 




M oxe HI, M71 Miattfa, Ut WC-tls 




Density, gm/cc 


1,3&. 


CteL-gsW ‘b 


l.tS6 


Tetel He. et fiaptMte:’ - 


- 


For TNT 


703 


For Subject kffi- , r 


592 


3 ieebtt&MdaA) Projectile, Ut KC4: 


' 7 ' 


Density, gm/ec 


1.1*2 


-Chorge Wt, lb s 


0,756 


Tetel Me. ef Frefteea**! 
For TNT 


51 1 * 


For Subject NE " 


501 


FtegoMot Veledtys ft/sec 
At 9 ft 

At 25H ft 


2650 

2370 


Density, gm/cc 


1-395 



ili)si<3iMti WtedhSM e t ; THT s IMt 

' >• \ ' r\. ■ ^ c 

Glass Canes ^S»*el Cones 



Hal* Volume 
Hoteifcpth 



Cesec: White 



He ti p » l Uses: Plastic demolition exploelre 



Method ef Leedteg: 


And taeped 


Uadbtg Deeehyt gm/cc 


1.3T 



Hoxord Claes (Quonttty-Dlstonee) 



Dry 

Close 9 



Compatibility Group Group I 

Hone *t 85°C In 30 hr* 
Exudation Ron* at 95°C In WJ hr* 

Exude* et 105°C in b8 hr* 



Ksnani 



Hill 



(fc) p. P. MecOougell) Method* of Physical 
Testing . OSRD Report No. 303, 11 Au«u*t l?42. 



(c) Also see the following Picatinny A aenel 
Technic*! Report* on RIPE: 1713, 1695 end 1517* 






™See footnot 
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Silver Azide 



CetepetMee. 




N 


26.0 


Ag 


T2.0 

Ag-N«H*N 


C/H Ratio 





■pest IweMiHf, X K| Wt: 

Bureau of Mbiee Apparatus, an 
Sample Wt 20 mg 
Picotinny Arsenal Apparatus, in. 
Sample Wt, mg 



Mslsteler Welgkl: 



Oxygen Islests ; 

CO, % 

CO % 



Wt nfnV 



Crystal 



(■) 



Steel Shoe 

P»l CJU-« 

rmr anot 



Trt; PA SBnll Apparatus 
Detonates 
Detonates 



Tosh Trials 

% 



Exploiiom 

IVi rtlnL 
rWIlOU 

Burned 

Unaffected 



Kxpfseiea Tssspsrafevet 'C 

Seconds, 0. 1 (no cap uced) 310 
1 

5 Explodes 290 
10 
IS 
20 



7S*C lu tsm s tlee el Heet To 

% Loss in 48 Hrs 



100‘C Host Test: 

% Loss, 1st 48 Hrs 
% Loss, 2nd 48 Hrs 
Explosion in 100 Hrs 



Hygt e s t sp l city: % (b) 25°C, 100'S HH 0.0b 



Veceam llsfcWty Tssf. 

cc/40 His, of 
90*C 

100*C 

120*C 

135*C 

150‘C 



Minimum Detonating Charge, gm 
Mercury Fulminate 
leod Azide 
Tetryl 



Ballistic Matter, % TNT: 



Trees! Test, % Hg(0NC) 2 (c) 



Piste Dear Test: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 



Volatility: 



75 C, 2b hrs 0.00 



Confinement 

Condition 

Charge Diometer, in. 
Density, gm/cc 
Rote, metert/second 

























Silver Azide 



AXCP 706-177 



/ 



ftegeiientl.e Test; 




M eue HI. M71 Hijirtlls, Let WC-fl: 

Density, gm/cc 
Charge Wt, lb 




Total Me. afltegneatK 

For TNT 
For Subject HE 




I teh M, M42A1 FiejertHe. Let KC4: 

Density, gm/cc 
ChorgeWt, H> 




TaM Mo. of Fragrmemtt: 

For TNT 
For Subject HE 


£ 



A»9ft 
At 25% ft 

Denrtty, gm/cc 



(idUuHTHT): 



Ain 

Peak Pressure 



Shaped Charge Morteoren, THT = lOOt 

Gian Cartel Steel Conn 

Hole Volume 
Hole Depth 



Cibr White to gray 



Item Initiators 



Infcg DieiPyi gm/cc 



Preeeev' 



Variable 



Hazard Clan (ftjantity-OMance) 
Compatibility Groin 
Exudation 



Wet 

Class 9 

G, pup N 
Hone 



Air, CeaAaaf; 

Impute 

Ueder Water; 

Peak Pressure 

Impute 

Energy 



Peak Pressure 

Impute 

Energy 

zploelve Power: 



Kilogram meters 
* Mercury Fulminate 



192,000 

1.097 



Initiating Efflclenc 



Grama Required to Give 
Complete Initiation of THT 

S olubility In 100 gm Solvent 
at Room Temperature; 

Solvent 



Water (b) 

Anmtoniua hydroxide 
Hitric acid 
Ether (b) 

Eth.l alcohol, 95* 

Acetone 

Unaffected by veter end C0g. 
Heet of; 

Explosion, cel/gm ic, a) 
Formation, cal/gm (e) 



(c) 

0.02-0.05 



0.006 

Soluble 

Decompose* 

0.017 

0.006 

0.015 
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Silver Atlde 



Preparation; 



«a»3 + A*mo 3 — ♦ Ag» 3 * + SaHOj 
Prepare the following aquecua aolutlooa: 

a. 5^ BaH 3> sodlua aside, 50 ee 

b. 25# Ag*C> 3 , allver nitrate, 25 ec 

allver nitrate solution la placed in a 200 ec conductive rubber beaker equipped with a 
hard wood stirrer operated by an air notor. 9 m sodlua atlde solution la placed In a separa- 
tory funnel fastened In a ring stand above the beaker cental alt* the sliver nitrate. A long 
cord (10 ft) Is listened to the stopcock of the separatory funnel so that the funnel can be 
ecptled by reacts control, The allver nitrate solution la now stirred very rapidly and the 
•oAlua aside la slowly run into the nitrate solution. Stirring la continued for 5 alnutes. 
9» contents of the beaker are filtered through folded filter paper and vaahad free of sodlua 
aside and silver nitrate with distilled water. 

Silver aside should be stored under water In a conductive rubber container. This prepara- 
tion will yield approriaately 7 grans. 



9m preparation should be conducted under e hood and behind e barricade. 9m product ob- 
tained by the above procedure has a very fine particle size, alnost c olloidal , vary fine sil- 
ver aside la safer to handle and la just as efficient and stable as tbs large, coarse crystal- 
line set*rfal (Ref b). When a thin flln at fine allver aside la precipitated on nereury fUl- 
nlnete. tetryl, etc. , these substances are as efficient weight for weight as pure sliver aside 
(Btf g). Whits silver aside la lass affected by light than nereury or land aside (Ref h). 

U»g colorless crystals which explode on breaking era obtained fra araonlua hydroxide. 

Origin! 



8Hver aside was first prepared in 1B90-1 by T. Curt! us (Bar 23, 3032; Ber 2b, 33bb-5) by 
passing hydra sole add (HH,) into neutral silver nitrate solution? Taylor andT&nkanbach pre- 
pared pure collodlal aggregates and showed its sensitivity depends upon its particle size 
(Anqr Ordnance 5, 82* (1925). Oliver azide was found in a detonator of foreign awnltlon for 
the first tine In 19*5 (Ref l). 

Reference*: 69 



(a) A. R. Hitch, "Theraal Decomposition of Certain Inorganic H-i nitrides, " J An Cheat Soc 

22, 1195 (1918) • 



(b) C. A. Taylor and Wa. H. Rlnkenbach, "Silver Azide: An Initiator of Detonation," Army 
Ordnance. Vol 5, p. 82b (1925). — at 



(c) E. Da W. S. Colver, High explosives, London and Hew York, p. 527. 

(d) A. Stettbacher, 3prcng u. Schleaitoffa . Raacher, Zurich, p. 97 (I9b8). 
(a) A. Marshall, Explosives . 2nd Ed, Vol II, p. 767, London. 

(f) A. Stettbacher, Z gee Schieaa-Sprengatoffw 10, pp. 193-2lb (1915). 



T9 



'See footnote i, oage 10. 



Silvar AUde 
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/""N 

l 



(g) F. Blechta, Chi» «t Ind flpaclal to. 981-5 (June 1933), C. A. 26, 6fc6. 



(h) L. Wohltr and V. Krupko, Bari oh t* j*6, 20^7-2050 (1913)- 

(1) F. G. aswrlak, togagtiffl Of laoAS W H8 Shall, Italian (mu*-k6k), PAW to. 1515, 
10 April 19^5 • 



4 



\ 



m 



3S 





lot tone 
Portia It 



135*C 

150*C 


















Tetr»c«o« 
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I 













i 









▼ 









r 



i 
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Tetraeene 



Preparation: 

(Rinkenbach and Burton, Army Ordnance 12, 120 (1931)). 

Tetraeene ia prepared by dissolving 5 gas of emlnoguanidine dinitrate in 30 cc of eater, 
cooling to 0°C and mixing vith a solution of 2.5 gms of sodium nitrate in 15 cc of eater. The 
temperature is maintained at about 10°C and 0.5 gm of acetic acid is added. The tetraeene 
separate* out and is washed with water, alcohol and ether. It is then dried. 

Tetraeene may also be prepared by placing amlnoguanidine sulphate and sodium nitrite in a 
large beaker and adding water het ed to J0°C. The heat of reaction causes the mixture to boil; 
after standing for two or three hours the separated tetraeene is filtered off, washed 
and dried. 

Origin; 

Tetraeene was first prepared in 1910 by Hoffman and Roth (Ber 1*3, 682) who also studied its 

^e structure (Hoffman et al. Ear Vj, 1087, 1866 (1910); Ber 
an< * ^ nn 380 » 131 (19*J.))* W. H. Rinkenbach and 0# Surton made an extensive 
study of tetraeene and described its manufacture and explosive properties (Army Ordnance 12, 

120 (1931) )• 

Destruction by Chemical Decoapoeltlo n; 

Tetraeene ia decomposed by adding it to boiling water and continuing boiling for some tlnr 
to Insure complete decomposition. 

References : 70 

(a) D. P. MacDougall, Methods of Physical Testing. 0SRD Report No. 803, 11 August 191*2. 

L. C. anith and E. G. Ryster, Physical Testing of Explosives. Part III - Miscellaneous 
Sensitivit y Teats; Performance Teats , 0SRD Report No. 57i*6,' 27 Bseember 1^*5. 

(b) F. W. Brown, D. H. Kusler and F. C. Glbaoq, Sensitivity of Explosives to Initiation 

by E-ectroatatlc DUcharges . U. S. Dept of Int, Bureiu' of kines, Rl jBjS, W. 

(c) Also see the following Picatinny Arsenal Technical Reports on Tetraeene: 



0 

11*50 



1 

11 



2 

1*53 



1101* 

2161* 



7 

1*07 



8 

318 



859 

2179 



0 



S ' 



70 See footnote l, page 10. 
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fanpect Issiltlvlty, lK«Wh 

Bureau of Mines Apparatus, cm 
Sample Wt 20 mg 
Pkatinny Arsenal Apparatus, in. 
Sample Wf, mg 



Steel Shoe 
Fiber Shoe 



RMIe Ballet Imp act Test: Trials 

% 

Explosions 

Partials 

Burned 

Unaffected 



Second 0.1 (no cap used) 

Z TV compose* 470 
10 
15 
20 



7S*C let er—n— r Meat Tnh 
% Loss in 48 Hrs 



WO'C Heat Test: 

% Lots, 1st 48 Hrs 
% Loss, 2nd 48 Hrs 
Explosion in 100 Hrs 



Unaffected 

Unaffected 



Molecular Weight: (C^gHjKjOg) 


31*7 


Oxygen Bel ease: 




CO- % 


CO 

8 


CO % 


-30 


Density: gm/cc 


MeRlag Feint: °C Pure 1, 3»6,8-ieooer 


296 


freexiof Feint: "C 


BoiUng Faint: *C 


Refractive Index, nS, 




n» 




«a 




Vecinxn SlebIBty Test: 




cc/40 Hrs, ot 




90*C 




100’C 


0.2 


120*C 


0.2 


135*C 




150*C 




200 Greta Bomb Send Test: 




Sand, gm 


Ul. 3 


^■■nlBliiliii Inilinllan 

•OPeWIrWy la B RlftDflOM i 




Minimum Detonating Charge, gm 




Mercury Fulminote 


— 


Leod Azide 


0.20 


Tetryl 


0.25 


BelHeMc Matter, % TNT: 


Trees! Test, % TNT: 


Flats Dent Test: 




Method 




Condition 




Confined 




Density, gm/cc 




Brisonce, To TNT 









Mygresceplcity: % 30°C, 90* RH 


0.01 



Confinement 

Condition 

Charge Diameter, in. 
Density, gm/cc 
Rote, meters/second 

























AMCP 706-m 



T0tranltrocorti*io7.o (WC) 



9 mm m. Ml ftojaaHIa, 

Density, gm/oc 
Charge Wt, lb 

Total Mo. of Fvegaaoats. 

For TNT 
For Subject HE 



FwMMa, La* WC-91: 



tt a H Ch a r y Bff e tfW eoasa, TNT = IWi 

Gicsa Conat Sted Cona* 

Hola Volume 
Hoia Dm>th 

f lyiv 



S lack Nl> M4SA1 

Density, gm/cc 
ChorgaWt, tb 



fn|acttti, U» KC4 i 



Total No. of Frogae 

for TNT 
For Subfact HE 



frogoM* Vetectty: ft/*ac 
A» 9 ft 
At 25% ft 

Danatty, gm/cc 



Maat UUtotbo to TNT): 



Colon 


Light yellow 


Maripal llsaet 


Coopooent of Igniter and 
pyrotechnic compositions 


-M ■ -- Jo 

MON H UM 


ag: Pressed 


1 iaOa| Paostty: gm/cc 





—i 



Method 

Hound Class (Quontity -Distance) 
Compotibiltty Gra fl 
Exudation 



Dry 

Class 9 
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letranltrocarbaiole (TOC) 




Sulfonation: Fifty-six gas of carbazole Is dissolved in 320 gas of HpSO^ specific 

grerTtyTTBiyT - ihe solution is agitated during the addition of the carbazole and the tempera- 
ture maintained at 25°-35°C. After the addition of the carte role is completed, the agitation 
is continued and solution completed by raising the temperature to 80°-85°C and maintaining 
this temperature for one hour. The sulphate is now cooled to 20°C. 

Nitration: the sulfonate solution is slowly added to 168 gas of HNO^ (Plant grade specific 

gravity il'$25 at 15°C) saintaining the temperature at 30° to 50°C. (Time required - 1 hour 25 
minutes). The temperature is then gradually raised to 70° to 75°C and nlntalned for one hour 
after which the temperature is raised to 85 1 * to 90°C and held for one hour, then lowered to 
room te^ierature before drowning. 

Bro wning: The nitration mixture is drowned by pouring it into 2 to 3 volumes of ice and 

water. 

Filtering: The separated light yellow product is filtered on s Buchner Funnel and washed 

wlti' water twice to remove moat of the acid. 

Purification: The T5SC ia placed in hot water (95° to 100' J C) end boiled for five to ten 

minutes vitii rapid agitation, allowed to settle then filtered and washed once. This proce- 
dure is repeated twice, making a total of three "boilings." The final wash la acid free. 

Drying; Hie THC is spread in a thin layer and dried at 100° to 110°C for four hours. 

Yield: 73-3*- 

Melting Point of TOC as prepared: 28o°C (compares to 296°C for pure 1, 3,6,8-iscmer in pre- 



The preparation of Tetranitrocarbar.ole (THC) was first reported in 1880 by C. Graebe (Ann 
202, 26 (i860)) who nitrated carbazole with Obi nitric acid. Similar procedures were followed 
STr. Escalee (Ber ££, 359b (1904)) and P. Zierch (Ber 42, 3800 i 909H However, G. L. Cl ami - 

clan and P. P. Silber observed the formation of four isomeric THC' a when acetyl carbazole was 
treated with fuming nitric acid (Gezz chlm ital 12, 272 1&8Z0. In 1912 and 1913 patents were 
issued to the dyestuff manufacturer, Casella and Company, cov; ring the preparation of polyni- 
trocarbazoles (German Patent 268,173 and French Patent 464, 53*.). The Ossella process of 




k 
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▼ 






T 




I 



Tetranltrocarbazole (flic) 



preparing polynitrocarbazoles by dissolving carbazole in sulfuric acid and treating the solu- 
tion of sulfonic acids vlth strong nitrating agents is essentially the process used today in 
the United States. The crude product, thus prepared, contains principally 1,3,6,8-OTC (W. 

Bora che and B. G. B. Scholten Ber 50, 596 (1917) and about 10^ of the 1,2,6,8-THC isomer 
(D. B. Murphy et si J As Chem 3oc 7T, 4289 (1953). TNC vas used in explosives by the Germans 
during World war II. ” 

References; 71 

(a) D. B. Murphy, F. R. Schwartz, J. P. Picard- and J. V. R. Kaufman, "Identification of 
Isomers Formed In the nitration of Carbazole," J Am Chem Soc, 75, 4289-4291 (1953). 

(b) S. Livingston, Preparation of Tetranltrocarbazole , PA Chemical Research laboratory 
Report No. 136,330, 11 April 1951- 

(c) D. B. Murphy et al. Long Range Basic Technical Research Leading to the Development of 
Improved Ignition Type Powders ~ Ae Chemistry of Tetranltrocarbazole , PA Memorandum Report 
No. 22, 2 September 195^. 

(d) S. Livingston, Development of Improved Ignition Type Powders , PAIR No. 2267, July 1956. 

(e) Also see the following Flea tinny Arsenal Technical Reports on Tetranltrocarbazole: 



1'J84 1647 

1937 



i 




0 2 2 

2180 1802 1973 






71 See foo.note 



1 , 



per/- 1C. 



330 



r 







) 

> 



I 




' 
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2,1*. 2* .V-Tetranitro-oxenilide (TWO) AMCP 706-177 


* ? ? 

C 1*0.0 c ^ 

H 1.9 f f 

n 20.0 r^V 0 * r^V 0 , 

o 38.1 U KJ 

C/H Ratio 0.735 NC> 2 Ki 2 


Molecular Weight: ( C^KgNgO^) U20 


Oxygen Beioaco: 

CO- % -81* 

CO % -31 


Density: gm/cc 


Making Point: “C Deccrspoaee 313 


Frooaiag Point: *C 


Itf act lnHWtif, 2 Kg W»: 

Bureau of Mints Apparatus, cm 
Sample Wt 20 mg 

Picatinny Arsenal Apparatus, in. 30 

Sample Wt, mg 11 


Boiling Point: ‘C 


Refractive lodes, n£ 
n» 
n» 


R —J — 

rncnw nwiwp imw» 

Steel Shoe Unaffected 

Fiber Shoe Unaffected 


Vacuum Stability Test: 

cc/40 Hrs, at 
90*C 
100*C 

120”C 0.U 

I35*C 

150*C 


Rifle Ballot Impact Test: Trials 

% 

Explosions 

Portksls 

Burned 

Unaffected 


200 Grom Bomb Send Test: 

Sand, gm l6. 3 


fspleslen Temperature. °C 

Seconds, 0.1 (no cop used) 

1 

5 392 

10 
15 
20 


Sonskhlty to labiotisn: 

Minimum Detonating Charge, gm 
Mercury Fulminote 

Lead Azide 0.20 

Tetryl 0.25 


Ballistic Mortar, % TNT: 


Trend Test, % TNT: 


7S*C iatetaatieaal Heat Test: 

% Loss in 48 Hrs 


Plata Dent Test: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisance, % TNT 


100‘C Heat Test: 

% Loss, 1st 48 Hrs 0-07 

% Loss, 2nd 48 Hrs 0.00 

Explosion in 100 Hrs None 


Dstoaatiea Rate: 

Confinement 

Condition 

Charge Diometer, in. 
Density, gm/cc 
Rote, meters/second 


Flammability lodes: 


Hygroscopic Ity: % 30°C, 90% HH Trace 


Volatility: 



* 



V 



Volatility: 





AJn Compatibility Group 

hak Pressure 

Impute Exudation 



Enwgy 
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, 







2,4,g' ,U'-T»tranitro-oxanlllde (THO) 




+2HgO 



► 






t 



» 



■* 

f 

* 

»■ 

i 

? 

V 

4 

* 

1 

» 




Oxanlllde: 



Two parte of oxalic acid are nixed with one part of aniline In a round bottom flask. The 
mixture Is stirred and heated until the reaction Is complete as evidenced by the cessation of 
effervescence. The mass Is cooled to room temperature, poured Into several volumes of water 
(21°-2k°C), filtered an a BUchner funnel and washed free of oxalic add with water end then 
wahed free of aniline with acetone. The oxanlllde ie air dried to remove the acetone and 
then dried at 100°-110°C. 

Tetranltro-oxanlllde (MO): 

A 5 liter round bottom flask Is equipped with a stirrer of a type which wil? produce e 
downward "swirl." The flask is surrounded with a water Jacket for hot and cold water. Fif- 
teen hundred grams (1.5 kilograms) of 96£ plant grade nitric acid is placed Into the flask. 
Five hundred (500) grams of oxanlllde Is slowly added to the acid under rapid agitrtlon while 
the temperature la maintained below Lo°C. After the addition of the oxanlllde is completed 
(2$-j hrs), the agitation Is continued 10-15 minutes. The temperature le then raised to 80°C 
over s period of ona hour and maintained at 80°-85°C for 3 hours. The sold slurry Is then 
cooled to room temperature and drowned by pouring over cracked ice. the product is filtered 
on a Buchner funnel and washed with water until it is almost acid free. The filter cake is 
placed in a beaker and sufficient water added to form a "slurry." Live steam is run into the 
"slurry" under agitation for 10 minutes. The Blurry is filtered and the residue washed. The 
latter treatment of the "slurry" is repeated until the wash water is found to be neutral to 



. 



\ 
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2,1*. 2’ ,1*' .Tetranltro-oxanlllde (TRO) 



litmus paper. The THO la washed vith alcohol, then acetone, air dried and finally dried at 
100°-110°C. 

Yield - 90* to 97- 5* of theoretical. 

Origin: 

A. G. Perkin In 1892 obtained tetranltro-oxanlllde directly by heating a solution of finely 
powdered oxanlllde In nitric acid. He also obtained the sane compound by the action of a 
cooled mixture of nitric and sulfuric aclda on oxanlllde and precipitating the product by 
pouring the solution Into water (j Chem Soc 6l, U6o (1892). 



References; 72 

(a) S. Livings ton, Development of Improved Ignition 



Powders, PATS Ho. 2267, July 1956. 



(b) D. Dubrow and J. Krlstal, Substitution of Hetranltro Oxanlllde and Hexanltro Oxanlllde 
for Tetranltro Carbazole, PA Pyrotecknic Pesearck laboratory Report I-BS7 26 December 



2 See footnote 1 , page 10. 
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CempetMta: 






% 


H.C-N — 


N0 o 


c 29.3 


3 I 


2 


H 1-7 0 2 N 




V N0 2 


N 24.4 


L ^ 


J 


0 44.6 






C/H Ratio 0.420 


NO. 




2 




Impact Saaiitlrlty. 2 Kg Wt: 




26 


Birtau of Mines Apparatus, cm 


Sample Wt 20 mg 




8 


Picotinny Arsenal Apparatus, in. 


Sample Wt, mg 




18 


Fffetioa Paadalam Tart: 






Steal Shoe 




Crackles 


Fiber Shoe 




Unaffected 


Rifle lei let Impact Teat: Tricls 






% 




Explosions 


13 




Portia Is 


54 




Burned 


10 




Unaffected 


23 




ExploofoA TimpCfttiirt! 


”C 




Seconds, 0.1 (no cap used) 


340 




1 


314 




5 Ignites 


257 




10 


238 




15 


236 




20 


234 




75°C latere atlsael Hart Tart: 






% Lou in 48 Hrs 




0.01 


ICO- 7 Hart Tart: 






% u»s, 1st 48 Hrs 




0.1 


% Less, 2nd 48 Hrs 




0.0 


Explosion in ICO Hrs 




None 


FlamamWIlt) lades: 




244 


Hygrescepicity. % '-o°c, 90$ RH 


0.04 



Molecular Weight: (C^NjOg) 



267 



Oxypea Mmni 

CO, % 

CO % 



gm/ec 



Crystal 



: *C 



i *C 



-47 ** 

- 8 



1-73 



130 



i *C 



Vscaaa ItiUlKy Tart: 

cc/40 Hr*, ot 
90*C 
100*C 
120“C 
135“C 
150*C 



209 Sna > am h Seed Tart: 

Sond, gm 



0-3 

1.0 

11 + 



54.2 



JWIrtlTrty W (HrtinNHa 

Minimum Detonating Charge, gm 

Mercury Fulminate 0.20* 

Lead Azide 0.10* 

♦Alterative Initiating charges. 



■aMetic Matter, % TNT: ( a ) 



Trerxl Tart, % TNT: 



(b) 



Nate Deat Teat: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 



(c) 

A 

Pressed 

Yes 

1.50 

116 



130 



125 



B 

Pressed 

No 

1.59 1-36 

115 96 



25°C 



Dateaatiea Rtta , 

Confinement 

Condition 

Chorge Diometer, in. 
Density, gm/ec 
Rota, meters/second 



None 

Pressed 

1.0 

1.71 

7650 



Volatility: 



0.00 
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PNm* I ln> 


(d) 


Condition 


Pressed 


Tetryl, gm 


100 


Wax, In. for 50% Detonation 


2.01 


Wax, gm 




Density, gm/cc 


1.58 


Heat ef: 




Combustion, col/gm 


2925 


Explosion, col/gm 


1080-1130 


Gas Volume, cc/gm 


?6o 


Formation, col/gm 


-lk 


Fusion, col/gm 0 (e) 


22.2 


Te.cpereture, C 


127 


Spe^fk Heat: col/gm/'C 


(«) 


-100 


0.182 


- 50 


0.200 


0 


0.212 


50 


0.223 


100 


0.236 


> am lap Rata: 




cm /sec 




Thermal CaadactMty: (*) , 




col/see/em/'C 5-81 x 10'7 


•t 1.39 1 * gm/cc 


6.83 x 10 


at 1.528 gm/cc 






Unaar, %/*C 




Voluma, %/*C 




Herdneee. Mein' Scola: 



£', dynes/cm* 
E, Ib/inch* 
Density, gm/ic 



: Ib/inch* 



Vafw f nm n: 

•C mm Mercury 



Oxygen, atoms/sec 
(Z/ tec) 

Heat, kilecolorie/mole 
(AH, keal/mol) 
Temperature Range, °C 
Phase 



S 2 -9 

38. k 3k. 9 

211-260 132-l6k 
Liquid Liquid 



A ime r Plate Impact Tact: 

60 aa Mertar Pre ta ct ile: 

50% Inert. Velocity, ft/sec 

Aluminum Fineness 

5004b G e ne ral Pvrpeee I am b e : 

Plate Thickness, inches 



l im b Drop Test: 

T7, 20004b S em i Araeer P ler d ag Baaab n C e acr e f ■ 

Mox Safe Drop, ft 

5004b General Parpe » c a sm b » C a ncr eta: 

Height, ft 
Triols 
Unaffected 
Low Order 
High Order 

10004b General Parpeee Bomb re Cencrete: 

Height, ft 
Triols 
Unaffecteo 
Low Order 
High Order 
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Tetryl AMCP 706-177 




Ue4er Weter: 
Peok Pressure 

Impulse 

Energy 



0 

0.9 



3 

1.1*0 



5 

1.1*7 



10 

1-57 

30 

1.71 



12 

1.60 



15 

1.63 



20 

I.67 



Peak Pressure 

Impulse 

Energy 



Effect of Temperature on 
Hate of Detons v. on: 



(J) 



36 fere at, C 


-51 


21 


Density, gm/cc 


1-5.2 


1-53 


Rate, m/sec 


71.50 


7170 




I 



i 



> 

! 





f 

j 
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Tetryl 



Preparation: 

(ttenufacture of Tetryl by Tttnltromonomethylanlllae Process , Wannaaalser Chemical Cc ■ , Inc. ) 



I 



i 



CgH ? (N0 2 ),Cl + CH 3 MH 2 + NaOH — » NO^-Kri-CH^ + N&C1 ♦ HjO 




NO. 



2H 2 0 



To a solution of 202.5 gm dinitrochlorbenzene in 200 cc benzene, at 75°C with good sgita- 
tion, in 15 to 20 minutes, add 112 gm of 30$ aqueous monomethylamine. Then add 129 gm of 31^ 
aqueous sodium hydroxide, in 15 to 20 minutes, at such a rate as to cause refluxing: continue 
agitation for 3 hours at 70°C. Hie mixture is concentrated to a liquid temperature of 101°- 
102°C, cooled, filtered and the precipitate washed with di stilled watei until the washings 
give no test with silver nitrate, dried at 60°C (melting point l67.£°c) 



Hie dini trcoethy lani line is nitrated to tetryl by solution of it in 88$ sulfuric acid (197 
gm nitroeniline/1190 gm sulfuric) at 25°C, followed by addition of nitric acid. The process 
is carried out so that the water content remains at 1656. Solution (per 197 gm nitroaniline) 
requires 5 to 10 minutes, nitration, by addition of the sulfuric acid solution to nitric acid, 
about 1 hour at 30°C, plus k8 minutes at 50° to 55°C at the end. the mixture is then cooled 
to 20°C and filtered. The tetryl is dumped into 1 liter water, washed 2 or 3 times with 200 
cc cold water, and then stirred 10 to 15 minutes at 5CC with 500 cc water, filtered warm a-d 
then washed with water until the washings are neutral to metir-l orange. The tetryl dried to 
constant weight at 70°C weighs about 270 gm. 



Tetryl filtered from an acid containing 87$ sulfuric acid (or more) -13$ water, at bo C 
(or over) smy fire in 30 minutes to 1 hour and 30 minutes, if not drowned in water. A safe 
nitration procedure, even on plant scale involves: 



1. The concentration of sulfuric In the opent acid is maintained at s low level (approx 
80/l.6/l8.2 sulfuric/nitric/water). 



2. Nitration maximum temperature is 50°C. 

3. The slurry is cooled to 35°C before filtration. 

J:. Filtration time prior to drowning, is minimized (15 minutes maximum). 

The crude tetryl produced is recrystallized to remove impurit . and occlu.’ed acid and to 
control its granulation. 
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n 



Tetryl 



Sensitivity of tetryl electrostatic discharge, loules; through 100 mesh: (i) 



AMCP 706-17? 



Unconflned 

Confined 



0.007 

h.h 



Solubility of tetryl, graas In 100 grams {j) of; 



we ter 



Carbon tetrachloride 



Ether 



95i Alcohol 



* 

*• 


!s 


i 






i 


fc 


i 2£ 


i 


» 


0 


0.0050 


c 




0.007 


0 


0.188 0 


0.320 


» 


20 


0.0075 


20 




0.015 


10 


0. 330 10 


0.h25 


V 


hO 


0.0110 


ho 




0.058 


20 


0.hl8 20 


0.563 


* 


30 


0.0810 


CO 




0.15h 


30 


0.h93 30 


0.76 


% 


100 


0.l8h 










50 


1.72 


\ 

% 














75 


5-33 


i 


Chloroform 


Carbon disulfide 


Ethylene dl chloride 


Acetone 


1 

> • 

i 


fc 


i 


°c 


i 




t 


£c 


t 


t 


0 


0.28 


0 


0.009 


25 


h-5 


20 


75 


* 


20 


0.39 


10 


0.015 


75 


h5 


30 


95 




hO 


1.20 


20 


0.021 






ho * 


116 


I 


Co 


2.65 


30 


0.030 






50 


138 


? 

v 

l. 


Trl chloroe thy lene 


Ethyl 


ac«.‘-»te 




Benzene 


Toluene 


♦ 

k 


fc 


t 


fc 


i 


fc 


t 


°c 


i 


* •“ . 


0 


0.07 


20 


~ hO 


20 


7.8 


20 


00 

V/l 


t 


20 


0.12 






30 


10.0 






I 


hO 


0.26 






hO 


12.5 






1 


60 


0.67 






50 


16.0 






t 


80 


1.50 














* 

f 

i 


86 


1.76 














* 








Xylene 




TUT 






* 

♦ 








i 




°C 4 












20 


3.3 




do 62 












30 


h.h 




100 lh9 






? 






ho 


5-h 




120 6h5 






^ - 






50 


6.0 











Origin: 

Tetryl was first described in 1879 by Michler and Meyer (Ber 12, 1792), van Rotnlurgh and 
Martens studied its properties and proved its structure (Rec trav chirr. 2, 108 (1883); 6, 215 
(1887); end Ber 19, 2126 (1886)). Tetryl was not used as an explosive until World War~I. 
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Destruction by Chemical Decomposition: 



Tetryl is decomposed by dissolving in 12 times its weight of a solution prepared from 1 
part by weight of sodium sulfite (NagSOo'THgO) in 4 parts water. The sulfite solution my 
be heated to 80°C to facilitate decomposition of the Tetryl. 

References: 73 

(a) L. C. Steith and E. G. lister, Ph ysical Testing of Explosives, Part III - Miscellaneous 
Sensitivity Teste; Performance Testa, OSRL Report So. 57*6, 27 December 19^5- 



(b) Fb Naoum, Z gea Schless — Sprcngatoffv , pp. l8l, 229, 267 (27 June 1932) 

(c) D. P. MacDougall, Methods of Physical Testing , OSRD Report NO. 803, H August 1942. 

(d) L. C. 9ml th and S. R. Walton, A Consideration of RJX/Wex Mixtures as a Substitute for 
Tetryl in Boosters , NOL Memo 10,303: 15 June 19^9. 

(e) C- A. Taylor and Wm. H. Rinkenbach, "Ihe Solubility of Trinitro-Phenylmethyl-Nltramine 
(Tetryl) in Organic Solvents,” J Am Chem S.c (1923) P- 104. 

(f) E. Hutchinson, Hie The -nal Senaitlver.eaa of Eaploalvea. Ihe Thermal Conductivity of 
"xploalve Materials, Ac 2Sfcl, ^lrst Report, Augast 1945. 



(g) R. J. Finkelstein and G. Gamow, Theory of the Detonation Proceaa , NAVORD Report No. 

90-46, 20 April 1947. “ 

(h) M. A. Cook and M. T. Abegg, "Iaotherwl Decomposition of Explosives,” University of 
Utah, Ind Eng Chem 1090-1095 (June 1956). 

(i) J. W. Brown, D. H. Kualer and F. C. Gibaon, Sensitivity of Explosives to initiation 

by Electrostatic Dlachargea, U. S. Dept of Int, Bureau of Mines, RI 3852, 19^6. ~~~~~ 



(j) W. F. MeGarry and T. W. Stevens, Detonation Rates of t'.e More Important Mlllta 
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PATR No. 


2383, S 


Jjvember 


1956- 


00 


Also see 


the following picatinny Arseni 1 Technical Reports on Tetryl: 


0 


1 


■£ 


1 


4 


I 


6 


I 


6 


9 


30 


U 


132 


453 


84 


65 


266 


117 


28 


129 


600 


361 


582 


493 


144 


195 


•556 


197 


438 


179 


770 


381 


832 


623 


294 


425 


786 


637 


628 


319 


810 


621 


882 


£33 


314 


525 


986 


707 


708 


609 


1180 


861 


1192 


863 


694 


565 


1086 


807 


788 


709 


1290 


1041 


1352 


1113 


774 


625 


1126 


837 


838 


849 


1350 


1131 


1372 


13T3 


784 


635 


1316 


857 


1418 


999 


1360 


1261 


1402 


2053 


874 


845 


1376 


1047 


1788 


1029 


1400 


133.1 


1452 


2163 


904 


925 


l4l6 


1137 


1828 


1209 


1450 


1431 


1592 


2233 


1134 


1145 


1446 


1287 


1838 


1379 


1500 


1471 






11 r 


1285 


1466 


1337 




1429 


1510 


1611 






12> 


1405 


1556 


1367 




1489 


1670 


1651 






1264 


156; 


1636 


1437 




1819 










2C24 


1885 


1956 


1737 




1969 










2204 


1935 




1797 
















2105 




1937 
















2125 




















2205 










’5 


See f ootnote J , 


oege 10, 















C— i pna it iaa : 

% 



Tatryl 


80 


HIT 


20 



C/H Ratio 



Im po rt Im l H H t if, 3 Kg W»: 

Bureau of Minn Apparatus, cm 28 

Sample Wt 20 mg 

Picotinny Arsenal Apparatus, in. 9 

Sample Wt, mg 17 



M A. .1. . _ - 

■ rlwIW I « 



Steel Shoe 
Fitter Shoe 

MM* BeNet Impes t Test: Trials 

% 

Explosions 0 

PortioH 20 

Burned 0 

Unaffected 80 

Ix plsilis Temp tret ere: *C 



Seconds, 0. 1 (nc cop used) 

I 

5 Ignites 290 
10 
15 
20 



7S*C Into re Otter ol Heat Test: 

% Loss in 4B Hrs 


I00*C Heel Test: 




% Loss, 1st 48 Hrs 


0.1 


% Ixss, 2nd 48 Hrs 


0.5 


Explosion in 100 Hrs 


None 



Flammability Index: Will not continue to burn 



Hygrss c s fl clty: % 0.02 



Molecular Weight: 




2T 1 * 


Oxygee Isleese: 

COj % 

CO % 




-52 

-11 


Density: gm/cc 


Cast 


1.51 


Melting Feint: *C 




68 


Freezing Feiet: *C 


Boiling Feint: *C 


lifnctin Inin, nj 






n» 






n - 







Veceem Stability Test: 



cc/40 Hrs, at 
90*C 

100‘C 3.0 

120*C 11+ 

135*C 
150*C 



300 (Steel Bomb Seed Test: 

Sand, gm 5^>0 

i on t lt Mty te Initio See: 

Minimum Detonating Charge, gm 

Mercury Fulminate 0.22* 

Leod Azide 0.17* 

♦A-UeltuP&ve lnl tie ting charges. 

BsIHsWr Matter, % TNT: 

Trass! Test, % TNT: 

Piste Dent T est: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 



Veietflity; 
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80 / 



^Ir^t^l^n^t^tSoll^l^i ^F^tSf . 

90 mm HI, M7’ Projectile, Let WC-91: 

Density, gm/cc 
Che ge Wt, lb 

T<*tl No. of Fragments: 

For TNT 
For Subject HE 

3 loch HE. M42A1 Projectile, Lot KC-5: 

Density, gm/cc 
Charge Wt, lb 

T «hl No. of frofooah: 

For TNT 
For Subjoct HE 



it i fif duty I Hidhut f, TNT = 100: 

Gloss Cones Steel Cones 

Hole Volume 
Hole Depth 



re g ie sot Velocity: tt/sec 

At 9 ft 
At 25V4 ft 

Density, gm/cc 



•loN ( K oloNeo to TNT): 
Air: 

Peak Pressure 

Impulse 

Energy 

Air, C o n fi ned : 
Impulse 

Under Water: 

Peak Pressure 

Impulse 

Energy 



Col tr. 


Light yellow to buff 


Mntlpel Bursters, 


, demolition blocks 


H-»t - A _1 | tt 

rrlnfWyO Of 


Lending Density: gm/cc 


SttltfC! 




Method 


Dry 


Hoxord Closs (Quantity-Distance) Class 9 


! 

Compatibility Group 


Groiip I 


Exudation 


■brides at 65°C 



Peak Pressure 

Impulse 

Energy 



\ 













% 

Tetryl 

1NT 



M o l ecular Wd|bt: 



270 



75 

25 



C/H Ratio 



Oxygon telenet: 

CO, % 

CO % 




-54 

-12 


Density: gm/cc 


Cast 


1-59 


Molting Point: *C 




68 


Freezing Point: "C 


Bailing Paint: ”C 



Impact S— o lt iei ty, 2 Kg Wt: 

Bureau of Minas Apparatus, cm 28 

Sample Wt 20 mg 

Picatinny Arsenal Apparatus, in. 10 

Sample Wt, mg 17 



B effective Index, n» 
l»£ 
nZ 



Friction Peadahrm Tact: 

Stool Shoo 
Fiber Shoo 



Crackt. 

Unaffected 



Rifle Ballot Impact Toot: 

Explosions 
Portia Is 
Bur .sd 
Urof /acted 



Trials 

% 

0 

30 

0 

70 



V ecaam Stability Toot: 

cc/40 Hrs, at 
90 J C 
I00"C 
120'C 
135“C 
150'C 



200 Cram Bomb Sand Tact; 

Sand, nm 



3-0 

11 + 



53-7 



lx, iosiaa T emperate ro: 

! f-.ondt, 0 1 (no cop used) 



I 

5 

10 

IS 

20 



Ignites 



310 



Sensitivity to In i tiation: 

Minimum Detonating Charge, gm 
Mercury Fulminate 
Lead Azide 

♦Alterna^ vc initiating charge 



7J'C Inte r n ot i cnol Hoot Tost: 

% Lou in 48 Hrs 



100'C Hoot Tost; 

% Lou, 1st 48 Hrs 
% Lou, 2nd 48 Hrs 
Explosion m 100 Hrs 





Flammability ladax: 


Will not continue to burn 


Hygraocopicityi % 


0.03 


Volatility: j 



0.23* 

0.19* 



Ballistic Mortar, % TNT: 


(■) 


122 


Tree.-! Test, % TNT: 


Piets Deaf Tost: 


(b) 




Method 


B 


B 


Condition 


Cast 


Cast 


Confined 


to 


Yen 


Density gm/cc 


1.66 


1.62 


Brisonce, % TNT 


118 


114 


DftOMOtiSN Kfltl! 






Confinement 




None 


Condition 




Cast 


Charge Diometer, in 




1.0 


Density, gm/ce 




1.60 


Rote, meters /second 




7385 





























Sliapad Chart* HhcHnwn , TNT = 100: 












Ctmp&Akmi 

% 

Tetryl 70 

TNT 30 

C/H Rotio 


Molecular Weight: 266 


Oxygen Bole ace: 

CO- % -55 

CO % -13 


Density; gm/cc Caet 1.60 


Melting Feint: *C 68 


F leasing Feint: *C 


layict Sensitivity, 2 Kg Wt: 

Buroau of Mines Apparatus, cm 28 

Sample Wt 20 mg 

Picatinny Arsenal Apparatus, in. 11 

Sample Wt, mg 18 


Bailing Feint: a C 


Rifractivt ladtx, n» 

mD 

n«a 

.D 


Friction Pendulum Test; 

Steel Shoe Unaffected 

Fiber Shoe Unaffected 


Vacuum Stability Test: 

ce/40 Hrs, at 
90*C 

100*C 3-2 

120’C 11+ 

135*C 
150’C 


Rifle Bel let Irpect Test: Trials 

% 

Exp'osions 0 

Partial! 55 

Burned 0 

Unaffected h-5 


200 Cram Bomb Send Test: 

Sand, gm 53-2 


Ispleslee Temperature: *C 

Seconds, 0.1 (no cop used) bl6 

l 387 

5 Ignitea 320 

10 302 

15 289 

20 275 


Sensitivity to Initiation: 

Minimum Detonating Charge, gm 

Mercury Fulminate 0.23* 

Lsod Azide 0.22* 

♦Alternative lnltiatlcK charses. 


Ballistic Mertar. % TNT: (a) 120 


Trans! Test, % TNT: 


7S*C lets rootle eel Meet Test: 

% Lou in 48 Hrs 


Flats Dent Test: (b) 

Method B 

Condition Oast 

Confined Yes 

Density, gm/cc 1.60 

Brisonce, % TNT 117 


100*C Hoot Test: 

% Loss, 1st 48 Hrs 0.1 

% Loss, 2nd 48 Hrs 0.1 

Explosion in 100 Hrt None 


Potenotioa Rote: 

Confinement None 

Conditicr. _ Coat 

Chorge Diameter, in. 1.0 

Density, gm/cc 1.60 

Rots, meters/second 73'-*0 


Flammability Index: Will not continue to burn 


Hygracepicfty: % 0.02 


Volatility: 



Volatility: 
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Tetrytol, 70/ 



FrefwNNeB Test: 




00 asm HI, M71 Projectile, Let WC-91: 




Density, gm/cc 


1.6o 


Charge Wt, lb 


2.090 


Total Ho. of Fragments: 




For TNT 


703 


For Subject HE 


Sko 


3 lack HI, M42A1 Projectile, Lot KC-5: 




Density, gm/cc 


l.oO 


Charge Wt, lb 


0.8k? 


Total Ns. of Fragments: 




For TNT 


51k 


For Subject HE 


585 


F ragai »at Velocity: ft/sec 




At 9 ft 




At 25>4 ft 




Density, gm/cc 




•last (IMathra to TNT): 




Air: 




Peak Pressure 




Impulse 




Energy 




Air, Confined: 




Impulse 




Under Water: 




Peak Pressure 




Impulse 




Energy 




Uadergreead: 




Peak Pressure 




Impulse 




Energy 





Shsgsd Chart* Efftcthreaest, TNT = 100: 

Glass Conts Staal Conas 

Hole Voturr.a 
Hole Depth 



Jght yellov to tuff 



Principe! Uses: Bursters, demolition blocks 



ki-cA-J 1 J1 


Cast 


Loading Density: gm/cc 


1.60 



Hozord Closs (Quantity- C-istonca) Class *) 

Compotibility Group Group I 

Exudation Exudes st 6b°C 













Molecular Weight: 



% 

Tetryl 65 

TNT 35 



C/H Rotio 



Impa rt Seasithrity. 2 Kg Wt: 

Bureau of Mines Apparatus, cm 28 

Sample Wt 20 mg 

Picotinny Arsenal Apparatus, in 11 

Sample Wt, mg 17 



P-t Tul . 

rncnwi ibmvmm iiki 

Steel Shoe 
Fiber Shoe 

Rifle Ballet Impart Test: 

Explosions 

Partials 

Burned 

Unaffected 



100 C Heat Test . 

% Loss, 1st 48 Hrs 
% Loss, 2nd 48 Hrs 
Explosion m 100 Hrs 



Cracks 

Unaffected 

Trials 

% 

0 

10 

0 

90 

“C 

325 



Esp i es lee Temps Tatars: 

Seconds, 0. 1 (no cop used) 
1 

5 Ignites 
10 
15 
20 



75*C letsree t ieeel Meet Test: 

% Lou in 48 Hrs 



Flammability lodes: Vill not contir.de to turn 



Hygresceplclty: % 0.02 



Volatility: 





Molecular Weight: 26L 


Oxygen Release: 

CO, % .56 

CO % 


Oeasity: gm/cc 1.60 


Making Paint: °C 68 


Freezing Paint: °C 




Boiling Paint: "C 


Refract ire Index, n» 

nS> 

n« 


- 


V ecu am Stability Test: 

cc/40 Hrs, ot 
90‘C 

100"C 2.8 

120“C 11+ 



I35"C 

J50*C 

200 Gram Bomb Seed Tort: 

Sand, gm 52.6 

Seasithrity to Initiation: 

Minimum Detonating Chorge, gm 

Mercury Fulminote 0.23* 

Lead Azide 0.23* 

♦Alteft^ive Initiating charges. 

Ballistic Mertar, % TNT: 

Traatl Tsst, % TNT: 

Plate Deal Test: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 



Detoe et iee Rote: 



Confinement 


Hone 


Condition 


Cast 


Chorge Diameter, in. 


1.0 


Density gm/cc 


1.60 


Rote, meters/second 


7310 




















MmwHI,M 71 Projectile, LetWC-91: 

Density, gm/ee 1.6l 

Chorge Wt, lb 2-010 

Tetol He. ef F umnh i 

For TNT 703 

For Subject HE 856 

3 inch HI, M42A1 Projectile, Let KC-J: 

Density, gm/cc 1 . 60 

Chorge Wt, ib 0. 8 L 5 

Total He. of Pregnants: 

For TNT 51 1 * 

For Subject HE $85 



Fragment Velocity: ft/sec 
At 9 ft 
At 25% ft 

Density, gm/cc 



Meet (Motive te TNT): 
Ain 

Peak Pressure 

Impulse 

Energy 

Air, Confined: 
Impulse 

Under Water: 

Peak Pressure 

Impulse 

Energy 



Shaped Charge Effectiveness, TNT = 100: 

(a) (e) 

Gloss Cones Steel Cones 
Hole Volume 133 126 

Hole Depth 120 119 



Cater: 



Light yellow to buff 



Principal Uses: Bursters , demolitior blocks 



of Idoo^iof s 


»-*• 


tending Dsns by: gm/cc 


1.60 


Stonge: 




Method 


Dry 


Hazard Closs (Quantity-Distance) Class 9 


Compatibility Group 


Group I 


Exudation 


Exudes it 65°C 



Peak Pressure 

Impulse 

Energy 
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Compatibility with Metals: 



Dry; Copper, tress, aluminum, magnesium, stainless steel, mild steel, mild steel coated 
with acid proof black paint and mild steel plated vith copper, cadmium, zinc or nickel are 
unaffected. Magnesium-aluminum alloy is slightly affected. 

Wet; Stainless steel and mild steel coated with acid-proof black paint are unaffected. 
Copper, brass, aluminum, magnesium, magnesium-aluminum alloy, mild steel and mild steel plated 
with cadmium, copper, zinc or nickel are slightly affected. 



Tetxytols a-e manufactured by heating TNT in b melting kettle, equipped with a stirrer, 
until all the TNT ia melted. The neceaaary amount of tetryl is added and heating and stirring 
are continued. The temperature is allowed to drop from 100°C until the mixture is of maximum 
viscosity suitable for pouring. Part of the tetryl dissolves in TNT forming a eutoctic mix- 
ture which contains 55 percent tetryl. This mixture freezes at 67.5°C. 



Tetrytols were developed during World War II. The 70/30 tetryl/TNT castable mixture is 
the most important in military applications. 

References; 

(a) L. C. Smith ar.^ E. G. lister, Physical Testing of Explosives, Part III, Miscellaneous 
Sensitivity Teats, Performance Tests, OSED Report No. 5746, 27 December 19^*5- ~ 



(b) D. P. MacDougall, 



;, OSRD Report No. 503, 11 August 1942. 



(c) L. C. Smith and S. R. Walton, A Consideration of RDX/Wax Mixtures as a Substitute for 
Tetryl in Boosters, NOL Memo 10,303, 15 June 19^9- ~ " 



(d) Eastern laboratory, du Pont, Investigation of Cavity Effect. Sec III, Variation of 
Cavity Effect with Explosive Composition, HfrRC Contract w6'fe:-0RD- 5723- 



(e) Eastern Laboratory, du Pont, Investigation of Cavity Effect , Final Report, Eastern 
Lab, du Pont, 10 September 1943, NDRC Contract W-672-0RD-5V23- 

(f) Also see the following Picatinny Arsenal Technical Reports on Tetiytol: 



• 


0 


1 


2 


1 


2 


6 


7 


3 


9 




1260 


1291 


1372 


1193 


1205 


1376 


1477 


1158 


1379 


& 


1360 


1311 




1213 


1325 


1436 


1737 


1388 




1 


1420 


1451 




1363 


1885 


1466 


1757 


1838 






1500 


1651 




1493 


2125 


1506 








* 


1530 


1951 
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TNT (Trinitrotoluene) 



Composition: 

% 

C 37-0 CH 3 

H 2 - 2 ON T^^N-NO 


Molecular Weight: ((^H^Og) 227 


Oxygen Balance: 

CO-. % -74 

CO % -25 


N 13.5 S'" 

0 V2. 3 

NO 

C/H Rotio 0. 5^9 2 


Density: gm/cc Crystal 1.65 


Melting Peint: °C Si 


Freexing Feint: ”C 


Impact Sensitivity, 2 Kg Wt: 

Bureau of Minei Apparatus, cm 95-1904 

'ample Wt 20 mg 

Picatirmy Arsenal Apparatus, in. 1^-15 

Sample Wt, mg 17 


Bailing Feint: ‘C 


Refractive Index, n £ „ 1. 5^*30 

8 1 . 671*2 

T 1.717 


Friction Melea Test: 

Steel Shoe Unaffected 

Fiber Shoe Unaffected 


Vacuum Stability Test: 

ec/40 Hrs, ot 
90‘C 

100°C 0.10 

I20“C 0.23 

I35*C 0.44 

ISO'C 0.65 


Rifle Ballet Impact Tint: Trials 

% 

Explosions 4 

Partials 0 

Burned 0 

Unaffected 6 


200 Gram Bomb Send Twt: 

Sond, gm U8#0 ^ i 


Explosion Temperature: °C 

Seconds, 0.1 (no cap used) 570 

1 520 

5 Decompoaea 475 

10 l*-65 

15 

20 


Sensitivity to Initiation: 

Minimum Detonoting Charge, gm 

Mercury Fulminote 0 . 24* 

Leod Azide 0.27* 

♦Alternative initiating charges. 


Ballistic Mortar, % TNT: Std-100 


Trauxl Test, % TNT: Std-100 


75*C 1 ate reetieae 1 Heat Teat: 

% Loss in 48 Hrs 0.04 


Flats Dent Test: (a) 

Method A A B 

Condition Cast Pj ssed Cast 

Confined Yes Yes No 

Density, gm/cc 1.6l 1-50 1.6l 

Brisonce, % TNT 100 100 100 


100'C Heat Test: 

% Loss, 1st 48 Hrs 0.2 

% Loss, 2nd 48 Hrs 0.2 

Explosion in 100 Hrs None 


Detonation Rata: 

Confinement Unconfined Uncor.fi nec 

Condition Pressed Cast 

Charge Diameter, in 1.0 1.0 

Density, gm/cc I .56 I .56 

Rate, meters/second 6825 6640 


Flammability Index: (b) 100 


Hygreecepicity: % 30°C, 90^ RH 0.03 


VeMHty: 30°C Nil 



350 
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Beesttr Sensitivity Test: 


(c) 




Condition 


Pressed 


Cast 


Tetryl, gm 


100 


100 


Wox, in. for 50% Dttonotion 1.68 


0.82 


Wax, gm 






Density, g.n/cc 


1.55 


1.60 


Hoot of: 


(a) 




Combustion, cal/gm 




3620 


Explosion, cal/gm 




1080 


Gas Voiume, ce/gm 




730 


formation, cal/gm 




78.5 


Fusion, cal/gm Q 




22.31 


Temperature, C 




79 


Specific Heat: col/gm/*C 

c 






“0 




0.309 


20 




0.326 


50 




0.353 


80 




0.371* 


taming Rote: 






cm/sec 






Thermal Conductivity; 






cal/sec/cm/“C 


See next 


page. 



Hardness, Mohs' Scale: 



Yea*'' M sdahtt: 

E - , uynes/cm 2 
E, Ib/inch* 
Oensity, gm/cc 



Compressive Strength: Ib/inch 2 
Density, gm/cc 



5.1*5 x 10 
0.79 x 10 6 
161 



*.3300-14000 

1.62 



Vapor Prossers: 




( f) 


‘C 


mm Mercury 




60 


0.042 




65 


0.053 




90 


0.067 




95 


0.0S5 




100 


0.106 





Raoaaeaaetllam BanoMas.i 
IraoVWPotlVlVH fc^mHTfvl • 

Oxygon, atoms/sec 
(Z/sec) 

Heat, kilocalorie/ mole 
(AH, kcol/mol) 
Temperature Range, °C 
Phose 


<>.* 
31*. 1* 

275-310 

Liquid 


‘io 18 - 2 

1*3.4 

238- 977 
Liquid 


Armor Plate Impact Test: 






60 mm Mortar Projectile: 




(J) 


50% Inert, Velocity, ft/sec 


>1100 


Aluminum Fineness 






S00-lb General Patpeeo Bombs: 


(J) 


Plote Thickness, inches 


Trials 


% Inert 


) 


0 




l«'4 


0 




1 


1* 


100 


1 % 


L 


50 


Bomb Drop Tost: 






T7, 2 090- lb Semi-Armor-Piercing Bomb vs Concrete: 


Max Sofe Drop, ft 


5000-6000 


500- lb General Purpose Bomb vs Concrete: 




No Seal 


Seal 


Height, ft 


1*,000 


4-5,000 


Triols 


26 


20 


Unaffected 


2l* 


20 


Low Order 


2 


0 


High Order 


0 


0 


1000-lb General Pnrpeee Bomb vs Concrete: 




No Seal 


Seal 


Height, ft 


5,000 


5,000 


Trials 


21 


26 


Unaffected 


16 


22 


O.v-er 


0 


0 


High Order 


3 


1* 
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MT fMgfagtetami) 



BSfijgdoft ft— mtum varnm BET Inltl»~ Hmtitewi 
MT T—mturt, Initial 



Room 

105°-i00°C 



Smloalon fturntart. 

***••) , 
Dnca— ms) 



470 f 
480 ( 



Boloslon Tjuwturs wwi Cocflnsnent, °C: 



Uncoeflnsd 

MM in gins* capillary 



Dscc—ms 

Explodes 



470 

320-335 



Vlscoaltr at 8o.5°e; 



Viscosity, X, cp log X * '•.046 S + 1.26 
8 - i solid in slurry 
Particle iIm effect, util 



Density. ce/cc; 



_£ 


Cr f ' 


!s 


1 


°C 


i 


fc 


* 


0 


0.0100 


0 


57 


C 


13 


0 


26 


20 


5.0130 


20 


109 


30 


67 


20 


55 


40 


0.0285 


40 


226 


40 


180 


4o 


130 


fo 


0.0675 


60 


600 


60 


478 


60 


367 










80 


>3000 


80 


>1700 


Ctoboo 

t#trtchiarid« 




jtther 


Chloroform 


Trichloro- 

atcjlane 


2s 


i 


!s 


i 


!s 


i 


Of. 

«fi 


i 


0 


0.20 


0 


i.T3 


0 


6 


2 s ; 


3-1 


0 


0.65 


20 


3*29 


20 


1.9 


55 


60 


40 


1.75 






40 


66 




60 


6.90 






60 


302 






70 


17-34 












75 


- 24.35 















°s 


8tnto 


gg/cc 




• 


zr to 70 


FlaVed 


1.65 




1 


80 


rutod 


1.64 




• 


82 


Liquid 


1.48 






J7 


Liquid 


1.48 




• 


95 


liquid 


1.47 




* 


8olabili1ar of WI, W100 nn («, ini ffl 


1 • • * ' 






Mnt«r 


AwtOM 


Maxim 


Tbluatie 





C 



V'V' 






'.fas 



’it's 






■ ■iiM 

■ ri 






. >■:■■* ; Up 



v v -;v^ 

. .<,„>* ft' >• Jr. 



r-T : >‘ ;■ .wiiv > 

• 

vVp^R 

1 

... . 

I * 



" % 



11 



xr&i* * ^ 



- '“-<a § * 

• ^ '■ .’xj ■* * '?:■ ji 
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Pyridine 







El 


Jurlen# 


A 


F -Ethoxy- 


Met! 


arl acetate 


dl chloride 


£ 


<1 

! 


ft 


i 


fc 


i 


\ 


1 


20 


73 


20 


& 


CO 


29-5 


hO 


135 


hO 


123 


hO 


h9 


50 


260 


60 


hCO 


50 


96 



Ifctrachloro- 



Anlllue 



Ethanol 



fc 


i 


fc 


i 


!c 


i 


jC 


i 


20 


IB 


10 


6.1 


20 


0.76 


0 


0.62 


hO 


50 


30 


11.5 


hO 


1.96 


20 


1.25 


50 


100 


50 


29 


50 


2.95 


hO 


2.85 




70 


7h 






60 


8.h 






60 


130 






70 


15 


Iecfeu 


tarl ala 


phol 




Carbon diaulflde 


Chlorobensene 


°C 




t 




fc 


i. 


fc 


i 


0 




0.20 




0 


O.lh 


20 


85 


20 




0.6l 




20 


O.hh 


3- 


51 


hO 




l.hl 




hO 


l.h 


hO 


79 


50 




2.35 








50 


ll6 



Prer^ratloc. 



(AC 7258. T®p9, 7260 - litreticm Kinetic*) 
CChaalrtnr of Powder and Exnloa Ives, Darla) 



In elder processes trial trctoluen* (TXT) «u slowly end laboriously nitrated lr three 
stage* using aueceaaively stronger acids. Today* however, a single stags nitration la pos- 
sible, In a short, tine (leas than one hour) producing HIT at a coat of a little less than 
6^/io. In England, • ivc stage continuous prices* was developed during World War II; In the 
first counter current stage, to' ’as was nitrated to the mono stage aononltrotoluene (MBT); 
In the second stage, also count current, MSB was nitrated to TUT. 
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TOT (Trinitrotoluene^ 



It was the British work, on the kinetics of nitration of toluene to TOT, that first pointed 
out the basic importance to nitration processes of the nitroxyl ion (NOgt) , on the one hand, 
and the role of the hi sulfate ion (H90^-) and unionised sulfuric acid on the other. These 
concepts were successful ia explaining the maximum in nitration rate occurring at a sulfuric 
acid content of 92*. This work, for instance, leads to the following equation for the rate of 
formation of TOT from CRT: 



ligsl - K (H02+) [r (H 80 V-) + r (HgSOjjjJ (TOT) 



Targe Stage Process: Toluene (100 gm) is ni -.rated to the mono derivative by slowly addu ig 

a mixture of 2^4 gm sulfuric acid (sp gr 1.84) end 147 gm nitric acid (tp gr 1.42) ho it 
30°-4o®C, with good agitation. Acid addition requires 1-1.5 hour, and stirring at 30 -40 C 
la continued 30 minutes longer. The mixture ia cooled and the lower layer of spent add 
drawn off. 

Half the crude mono la dissolved in 109 gm sulfuric acid (sp gr 1.81*) with cooling, the 
solution heated to 50°C and a mixture of 54*5 gm nitric acid (tp gr 1.50) and 54.5 gm sul- 
furic acid (kp gr 1.84) added, under agitation, at auch a rate that the teq>erature la main- 
tained between 90° and 100°C. Acid addition requires 1 hour, and stirring at 90°-I0O°C ia 
cocti ued 2 more hours. 

While the di nitration mixture la still at 90°C, 145 gm fuming sulfuric acid (oleum con- 
taining 15* free 30,) la added alowly. A mixed acid of 92*5 gm each nitric acid (ap gr 1.50) 
and 15* oleum la sltwly added, under good agitation at 100°-11 ' over l$-2 hours. The mix- 
ture la stirred at lOCT-HS^C for 2 nor- hours, cooled, filtered, and the TOT cake broken up 
and washed with water. The TOT ia washed 3-4 tines with hot water (85°-95°C) with good agi- 
tation. The proOct can be purified either by re crystallization from alcohol or by washing 
it with 5 tines its weight of 5* sodium bisulfite solution at 90°C for $ hour with vigorous 
stirring, washing with hot we ter until the washings are colorless, and cooling slowly with 
stirring to granulate the product. 

O rigin: 

TOT was first prepared in 1863 by Mlbrand (Ann 128, 1/8), later by Icilstein and Kuhlberg 
(Bar 2, 202 (1070) and also Tiamann (Ber 217 \ 18757, eaci using different methods of start- 
ing materials. It was nearly 30 years later when Hauasrm ann undertook its manufacture on an 
Industrial scale ( Z angew Chem , 1891, p. 508; J Chem In.* , 1891, p* 1028). After 1901 TOT 
began to be used extensively as a military explosive and Germany became the first nation to 
adopt it as s standard shell filler (1902-1904). Boring Vorld War 1 all the major powers of 
the world were using TOT, with the quantity used limited only by the available supply of 
toluene. Prior to World War II the development of synthe ;ic toluene from petroleum made 
available in the United States, an almost unlimited subtly of this raw material. Because of 
the general suitability of TOT for melt-loading and its extensive use in binary and ternary 
explosive mixtures, TOT is considered the mout important military explosive known today. 

Destruction by Chemical Decosgiosltlon: 

TOT lc decomposed by addieg it slowly, wUlle stirring, to 30 times its weight of e solution 
prepared by dissolving 1 part of sodium sulfide (Hs 2 S'9H20) in 6 parts of water. 

References : 7 } 

(s) D. P. MscDougall, Methods of Physical Testing, OSRD Report Ho. 803, 11 August 194?. 



7 *Ses footnote l, page 10. 



356 






AMCP 706-177 



r 



> 




A 



OH (Trinitrotoluene) 



(b) Philip C. Knmd end Dorothy Plp«i, able of Military High Explosives , Second Revi- 
sion, HAVORD Report Mo. 37-46, 26 July 1946. 

(e) L. c. Smith and 3. H. Vfcltoc, A Consideration of RDK/Hto Mixture* M a Substitute for 
TStryl in Booeters , MOL Mno 10,303, 13 June 1946. 

(d) L. C. Smith »od X. H. Rystar, Physical Teetlng or Explosives, Pert III. Miscellaneous 
Senaitlri ty lasts, Pv^fo-nsnce Tests. OSftD Report Ro,5T46, ?? December 1945.' 

(e) Report AC-2587. 

(f) Interne tloo.1 Critical aMw end various other sources in the open literature. 

(g) K. Hutchinson, Be Thermal .Sensitiveness of Explosives. lhe agree] Conductivity of 
Explosive tfctenmls. AC-SBol, first Report, August 19W. 

(h) A. J. B. Robert oon, Irene Pared Society, 44 : 977 (19*^8) * 

(l) M. A. Cook end M. T. Abegg, "Isothermal Decomposition cf Explosives," University of 
Utah, Ind Him Oi cm (June 1936), pp. 1090-1095 . 

(J) Cosed t tee of Wv 2 and 8, HERC, Report on SKI end Trl tonal, OSHD Ho. 5406, 31 July 

1945 - 



(k) R. W. Brake, Eragsent Velocity and Panel Penetration of Several Explosives In 31uu- 
lated Shells, OSHD Report Bo. 5^26, 2 January lgK£! 



(l) W. I . HcOarzy and *. W. Stevens, Detonation Rates of the More 
Explosives at Several Different Tesgeratures , SATO Bo. Hoveaber 



portent Military 



(■) V. S. Cramer, ^ilk Compressib i lity Data on Several High Explosives, KAVQRD Report Ho. 
4380 , 15 September I 9 ?b. 



(n) Kentrov, Journal of Chemical Iaduxty (Russia) 6, 1929, pp. 1686-1688. 

(o) Also see the following Plcatinny Arsenal Technical Reports on HIT; 
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1098 


739 


1140 


1121 


1272 


853 


1284 


1145 


1276 


537 


1128 


779 


1170 


13U 


1292 


863 


1294 


1155 


1376 


1107 


1143 


799 


1260 


1391 


1342 


1063 


1304 


1225 


1446 


1147 


1158 


889 


1270 


1431 


1352 


1123 


1314 


1265 


1466 


1217 


1188 


929 


1360 


1451 


1372 


1133 


1344 


1305 


1476 


1247 


1198 


939 


l4C0 


1491 


1402 


1193 


1414 


1315 


1556 


1307 


1228 


1099 


l46o 


1651 


1452 


1243 


1444 


1395 


1636 


1417 


1258 


1109 


1500 


1821 


1472 


I323 


1454 


1425 


1756 


14 Zt 


1308 


1129 





357 



Torpey 
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n 



Burned 

Unaffected 



Ms^* T am p a r atara: °C 

Second*, 0. 1 (no cop mad) 

1 

5 Decomposes 260 

!0 
15 
20 



Ctmrnltlan. 

RISC 42 

TUT 40 

AlunlnuB 18 

C/H Rot to 


Q7 

Jr | 


Oi^ ^afint*. ^ 

CO % -26 


Pi— Kyi gm/ee Cast 1. 76-1.81 


MaMag Paiati *C 


Praia lag Mali *C 


Input leailMflty. 2 Kg Wh 

Buraou of Mina* Apparatut. cm 42 

Sampia Wt 20 mg 

Picotinny Artanol Apparatus, in. 9 

Sampia Wt, mg 15 


BaMag Palat; *C 


Refractive ladsx, n£ 
An 

*4 


Frictiea feadalaw Tart: 

Staal Shoe 
Fibar Shoa 


VnaaMSM Ka^AZ||Mr V a^* 

▼ ol^Vllrty 9 w 

cc/40 Hr*, at 
90*C 

I00*C 

120*C 1.0 

I35*C 

150*C 

— 


RIMa Mlat Impact Tart: Trials 

% 

Explosions 20 

Portiolx 80 



75*C l atanaWai l Hart Tart: 

% Lon in 48 Hrs 



100-C Hart Tart: 




% Loss, 1st 48 Hr* 


0.00 


% Lou, 2nd 48 Mrs 


0.10 


Explosion in lOO Hr* 


None 


FtaauaoMUty ladsx: 


196 


Hygroaeaplclty: % 30°C, 90* RH 


0.00 



2006 mm 

Sand, gm 



SoadTcet: 



» '«» »« »- ui .t 

Minimun. Detonating Charge, gm 



59-5 



Mercury Fulminate 
Laod Acid* 

Totry, 




0.18 


BaMirtk Mortar, % TNT: 


(•) 


1?8 


TmasS Tart, % TNT: 


0>) 


164 


Plata Pant Tart: 


(c) 




Method 




R 


Condition 




Coat 


Confined 




No 


Density, gm/cc 




1.83 


Briscnca, % TNT 




120 


Datsaatusa Bata: 


(a) 




Confinement 




None 


Condition 




Cast 


Chorge Diometer, in. 




1.0 


Density, gm/cc 




1.8l 


Rota, mater.,/ second 




7495 






AMCP 706-177 



ftggeSsf 

1 mm % 


(c) 




Condition 


Pressed 


Cesc 


Vetryl, gm 


10 


5 


Wax, In. for 50% Detonation 




Wax. gm 


2 


0 


Density, gm/cc 


1.64 


1.81 


Heel eft 


(•) 




Combustion, col/gm 




3740 


Explosion, eol/gm 




1800 


Gas Volume, cc/gm 






Formation, col/gm 






Fusion, ca!/gm 






Specific Meet: col/gm/’C 


(b) 




At -5°C 




0.22 


Density, gm/cc 




1.82 


At 15°C 

- , 




0.2L 



Tfclixl Conductivity: 

col/sec/em/’C 
Density, Wee 



9-7 x 10 

1.82 



Lineor, %rc -73 to 75 c 4.7 X 10* 5 (b) 



Volume, %/‘C 
Kai&k.t' few scale: 



E‘, dynes/cm 1 
E, Ib/inch 3 
Density, gm/cc 



9-53 * 10 
1.38 x 10° 
1.77 



Csrupr oscl vo S trss g tli: lh/inch» (b) 2100-2300 

Density, gm/cc 1.77 



Veger Pressure: 

•C 



Oxygen, atemi/sec 
CZ/sec! 

Heat, kiioeotor^/mote 
(AH, keal/md) 
Temperature Range, *C 



50% Inert, Velaeity, ft/sec 
Aluminum Fineness 



OMEeseitl Per .sees B< 

Plate Thickness, inches 



mm Mercury 



hat Drop Test: 

T7, 3000.% Sett Anew- P ier c in g Ink vs Cotter ’ 5: 
Max Safe Drop, ft 

5007b fl s e sre i Purpose Beesb vs C ten e ts : 

Height, ft 
Trials 
Unaffected 
Lew Order 
High Order 

I COO* Cee vr el Purpose lie ! vs ( eecrete: 

Height, ft 
Trials 
Unoffected 
Low Order 
High Order 



I 










Peek Pr***ur* 

Impute 

Enwpy 



Teas?, S3°C 

95°C 



2-3 
















k 





! 



J 



C ! 



1 

s 

I 



4 



.1 
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rorpex 



P reparation; 

Torpex le manufactured by heating TUT to approrlneti ly 100°C in a a teas- Jacketed kettle 
equipped with a stirrer. Vtoter vet BOX Is added sloviy to the molten 7JTT, while nixing and 
heating, until all the water is evaporated. Aluminum is added and the mixture la stirred 
until uniform. Die mixture If cooled, with continued stirring, until it la suitable for 
pouring. Torpex cen also ha sad; by adding the calculated amount of IDT to Composition B 
to maintain the desired proportion of RDX/THT, heating and atirrln*, and adding l8 percent 
cf aluminum to complete the mixture. 



Origin: 

Torpex, a castable high explosive, ves developed In England during World VJsr XI for uso 
as a filler In warheads, mines and depth bombs. Several variations in the composition of 
torpex h'.ve been evaluated but the following are those used in ' .rvice munitions: 





Torpex 2 


Torpex 2 






unwaxed 


waxed 






(a) 


0>) 


Cc) 


RDX, $ 


42 


41.6 


41.4 


TUT, $ 


40 


39-7 


39-5 


Aluminum, 56 


18 


lS.O 


17.9 


Wax, i 




0.7 


0.7 


Calcium chloride, 






0.5 


(a) Made froti Composition B-2 or 6o/4o Cyclc-tol. 

(b) Made by the addition of aluminum to Composition B. 






(c) Made by the addition of calcium chloride to Torpex 2. 





Wax has the undesirable effect of (1) tending tc coagulate the iluainum, thus giving a less 
homogeneous and more viscous product, (2) lowering the density of the cast explosive from 
1.72-1.75 to 1.66-1.70 for waxed torpex, and (3) lowering the compressive strength from 3700 
pel to 1970 pal for waxed torper. However, wax la used in service torpex for recaone of 
safety, since there la evidence that Its presence lowers the senaltivlty of the expletive to 
i upset as measured by laboratory drop tes.s and bullet sensitivity testa of small charges 
(Bureau of Ord Res Memo Rpt Ho. 24, Janua-y 1945). 

References: 7 6 

(a) Cosmiptee of Div 2 and 8, HDRC, Repor, on HBX and Tri tona l, OSRD Ho. 5406, 31 July 
1945. 

(b) Philip C. Keenan and Dorothy C. Pipes, Table of Military High Explosives , Second Revi- 
sion, HAVORD Report Ho. 87-46, 26 July 1946. 

(c) D. P. MacDougall, Methods of Physical Testing , OSRD Report Ho. 803, 11 August 1942. 

L. C. Staith and B. H. Poster, Physical Testing of Explosives. Part III, Miscellaneous 
Senaltivlty Tests, Performance Teats, OSRD Report No. 57^, 27 December 19^*5- 




4^ 





:162 



76 See footnote 1, page 10. 
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(4) 0. H. Messer ly, Tb* Sate of Detonation of Various Explosive OosgOjUrta , CURD Report 
HO. 1219 > 22 February 19^5- 

M. D. Hurwlt*, The Rate of Detonation of Varlaua Coapounde and Mixtures , OSRD Report 
Ho. 56X1, 15 January 19^ 

(e) ' . ifi ToeOinaoo, Jr., Blast Effect; 01 Boab Explosives , PA lech Div Lecture, 9 April 

19*C. ■ - ^ ‘ ' 

(f) Eastern laboratory , du Pont, Inreatl|atlon of Jevlt^ Effec t ^Sec in. Variation of 



Parity Effect vith Explosive Coapoeltlon. HERC Contract 

(fc) Also see the following Picatinny Arsenal Technical Reports on Torpex 



0 

1530 



1 

1651 



2 

1292 



2353 1585 

1635 
1885 
2355 



6 

1796 



I 

1797 



P 

1636 



i 

I 
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j,-. ,:.srT! 

'\v- 



■ t . • 






■ •• -'••‘..lestS 
• ••» >•'’**?••, . 



1. V5.1VtealnrwP.ii.6-T iliI trobenx 



Let WC-*1: 



r’’r*TWS\ 



AMCP 7 t 6 -m 



OamHyvamAx 
Charge Wt, fe 

For TNT 
For Subjad HE 



IMNEMOAl 

DmaMy, gm/cc 
Charge Wt, K> 



Nw W t faUCIi 



EffooMvoMti. TNT = IMt 
Qom Con* Stool Conot 



Hot* Volume 

H-»- » ■» 

non Mpm 



For TNT 
For Subject HE 



Preeeod 



Ar» ft 
A*M%f» 

OMatty, gm/cc 



Wt flN oW w »oTKT)i 

Mr 

heok P io w wo 



I m p u he 

UoCer Water* 
hook Preaeure 

Irr^iwSo 

Enorgy 



lirpuho 

Fnorgy 



Lootfog Deoaftyi gm/cc 
At 50,000 pol 


1.80 


»« ■* « 

WPnoO 

Hnord Ckaet (QuontMy-Dtoonco) 
CcwporMHty Group 


Oty 


EwdoHon 


\ 



Detonation Velocit 



1.290 


5360 


l-3*»5 


5626 


1.675 


6550 


1.575 


6575 


1.882 


7035 


1.835 


7220 


Heat of: 

Exploeion, cal/gm 


2831 
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' ' > 

;>' vrfM 

9 
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V» •«• 

. V 

, k S, 



1. 3. 5-Trianlso-2,b, 6- Trl nitrobenzene (TMMB) 



. Frwoerstloc: (a) 

Absolute alcohol {800 Milliliters) was saturated with —pole and then '£.5 ga (0.088 nol) 
of l,3,5-trfbr«»-8,a,6-trinitrdb«niaae, prepared according tc mil (HAV0KJ Report So. 3709. 

8 February 1953). we added. The flask vet stoppered and alioved to stand at rooa tee p nature 
for a day. Additional a— aria was bubbled Into the Mixture, which wee then boated under reflux 
for thirty finutee, filtered hot, and the Insoluble product collected on e Bucbn' * funnel, 
fiie product one vaulted with water, alcohol, and dried. The 4.7 gn of Material recovered waa 
recrystallized fro* nitrobenzene. 

A disadvantage of the above Method wae that It could not he used for the preparation of 
large quantities of TMKB. Since It did not sees feasible to devela? a net aathod of prepara- 
tion, an lnveetldatlan wee nude of the reported aadnetlon reactions (see Orlxtn below). An 
attempt was node (Raf f) to find a Modification which would produce high yields of a pure pro- 
duct. the process which evolved fron this study nay be ataaarlzed as follow (fttf '): 1.3.$* 
tri chlorobenzene waa nitrated "In one step" to l,3,5-irlchlaro-2,b,6-trlnltr6beiiseae in 896 
yield. The crude nitration product waa sad ns tad in banians with aanonla gas to TVHB, In 
yields of at least 956 . 



Origin: 

tMSB waa prepared for the first tine In 1888 by C. L. Jackson and J. P. Wing, who f Jtd 
the ccapound Insoluble In alcohol, ether, chloroforn, benzene, and g’ adal acetic add; and 
soluble in nitrobenzene ana aniline (Anar Chan Journal 10, 882 (lodo 1 * ). B. flora chela and 
K. L. Haines prepared TMSB fTon benzene free pen tenltrosal line by gradually adding It to XOJt 
aqueous iimli (J <han Soc, Pt 2,gtA5 (lgefi)). After boiling, an arenge-yellov pwder nett- 
ing above 300°C waa obtained. Thlc product correepcnded to that f -scribed by Jac s »on and sing. 
These authors, ae well as Falser (Amst Chan Journal lb, 378 (l&9£,), attested to reduce rMSB 
to hexa-SMlnobenzene Either dscoaposltlon occurred or a hydroc 1 " lorif * <'■*• pen ta -eel nobenzene 
was fcnsd. Flursch- 4 and HoImbs succeeded In redud% TMSB vith pa* vy It - Craxl ne by banting 
then together up to 200°C (J Chen Soc, Pt 1,33b (1929)) (Bell 1*. 301 a, J EH, lb?). 



Rrfarencce: 77 



(e) F. Taylor, Jr., 
2,b,6-Trinltr<>banzeae, : 



.th esis of St v 
BcportTb. 




(b) If D. Button, as 11 Scale Datonetlon Velocity Hessureeents Aron HsV 1951 to May 195b, 
HyORD Report So. 3731, June 195b. ? 




E> M. Fisher and E. A. Christian, Explosion Effects Data Sheets, KAVORD Report Ho. 
lb June 1955- 



T7 



See footnote 1, pege 10. 
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% 

c - 


89-9 


/ ch 2 «o 2 

H S C \ 


g 


5-k 


“if 


It 


U.7 


1 


0 


53-0 


I jC > 


C/H Ratio 0.177 


H,cC 

2 aL0B0„ 



10TC fleet Test: 



Meteceler Weight: (c^ 



hspafl SeoeftMy, a Kg Wt: 

■ Imou of Mines Apparatus, cm 
Sample Wt 20 mg 
Wcotinny Arsenoi Apparatus, in. 
Sample Wt, mg 


lOOt 

L3 


PviflliMI 


■eTeet: 




ft — « CL W% _ 

jVptn dslOT 


Unaffected 


Fiber Shoe 


Unaffected 


Rifle Met Imp 


Ml Test: Trials 




Explosions 


% 




nunon 






Burmd 






unomcno 






fTphil n Tt«p 


eratma: *C 




Seconds, 0 . 1 (no cap used) 




1 

5 


223 




10 






15 






20 






7>*C IstsmeHei 


•el Heat Teet: 




% Loss in 48 Hrs 





PissTyt gm/cc 
MM; *C 
Nm; *C 



slat: *C 



Mm m Iw I s ds n , n° 



Vec— i ttehlMy Test: 

cc/40 His, at 
90‘C 
100*C 
t20*C 
135*C 
150*C 



8 hours 



Sand, gm 

ilwIHi ity ti IsMsHss; 

Minimum Dstanating Chorge, gm 
Msicury Fulminots 
Lead Azide 
Tetryi 



AMCP706.JTT 

sko 



1 . 451*0 



Ve.etMty: 60°C, ng/c^/hr 



Treed Teet, % TNT; 




Hate beat Teat; 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 




ritp-iTfin Bole: 


Confinement 


Shelby steel 


Condition 


Liquid 


Charge Diameter, in. 


1.25 


Density, gm/cc 


1.33 


Rote, meters/second 


Fells 



/ 
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Triethyltme Glycol Mnitrate (TB3H) liquid 



ft m Ht, M71 Pie|acMa, l at WC-f ■: 

Density gm/cc 
ChaigiWt, R> 

Tata) Na af fn)r iat»: 

For TNT 
For Subject HE 

3 Mi NO, MdSAl Piejectfla, Ut KC-S> 
Density, gm/cc 
Chorge Wt, lb 

Tata) He. ef Fragm.aH: 

For TNT 
For Subject HE 



* ■ V.l. attai 1— —. — 

rfifnMi ▼MMT7I TT/MC 

At 9 ft 
At 25% ft 

Density, gm/cc 



Ota* (Islitbn ta THTh 
Air 

Pack Pressure 

Impulse 

Enatgy 



— -a »*- ffelT IMt 

MipVV •nOTViTW^Mt 1 il 1 — IWi 




Glon Cones Steel Cones 


Hole Volume 
Hole Depth 




Cater 


Pi la alp at Uses: 


Ingredient of rocket and double 
bate propellants 



Leading Deadly: gm/cc 




Method 

Hazard Clots (Quantity-Distance) 
Compatibility Group 
Exudation 


Liquid 



Air, C aa fl i 
Impuita 



Solubility In Water, 
gn/ 100 Vn at? 



IMarWatan 

Peok Pressure 

Impuita 

Enargy 



Paok Pracaura 

Impuha 

Energy 



Heat of: 




Combustion, cal/gu 


3428 


Explosion, cal/gm 


357 


Gas Volume, cc/gm 


851 



Solubility, grn/lOO gm, 
at 2$°C, in: 

Ether 

Alcohol 

2:1 Ether:Alcohol 
Acetone 

Vlacoalty, centlpolaea: 

Temp, 20°C 
Hyd rolysis, $ Acid: 

10 days at 22°C 
5 days at 6o°C 

Vapor Preaaure: 



on Merc 



<0.001 















L. 



r\ 









Triethylene Slycol El til trite iTECK) Liquid 
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Origin: 



Lourenco prepared triethylene glycol In 1863 by tunning glycol with ethylene bromide In * 
■salad uibe at 115°-120°C (Ann (3) 6£, 275}- 1 a tar in tie same year Vurt* prepared trl ethy- 
lene glycol by heating ethylene arils with glyco' at 100°C. By action of nitric acrd triethy- 
lene glycol vma oxidized to (HgOOC- Cfi2*0-CHg)2 l*nn (3) 62, 331> 35l). 



The Germans and Italian* were the first to prepare and use TB5N during World Var II as an 
Ingredient of rocket and propellant powders- The coanerclal production of T5CN in quantity 
Is still difficult and Its ur.e as a plasticizer for nitrocellulose is being replaced by other 
liquid nitrates- 



Preparation: 



Trlathylena glycol is purified by fractional distillation under vacuum )a an l8-lnch Vi- 
geaux fractioning column. The asaeably as s whole is equivalent to *.5 theoretical plates. 
Ths distillation Is conducted using a 5 to 1 reflux ratio, at a pot tenperature of approii- 
mtely l80°C, and a take-off temperature of approximately 120°C. 



ihe perilled triethylene glycol (TEG) la nitrated by carefully stirring it lot ' 2-5 parts 
of 65/30/5 nitric aci d/sulphuric acid/ water maintained at 0 1 5°C. The rate of cooling is 
sufficient that 300 ga of TEG ca-i be added within *0 minutes. The mixture is stirred and 
wi* at 0 + 5°C, for 30 additional minutes. It is then drowned by pouring onV> a large quan- 
tity of -c* and extracted three times with ether. The combined extract If water-washed to » 
pH of about *, shaken vlth an excess of sodium bicarbonate solution, and further wahad with 
1* sodium bicarbonate solution until the washings are colorless. The ether aal solution Is 
watar-waahsd until It baa the same pH value as distilled water. It Is careful separated 
from, excess water, treated vlth chemically pure calcium chloride to remove dissolved water, 
and filtered. The ether la removed by bubbling with dry air until a minimal rate of loss In 
weight Is attained. The yield is 1.3k gm per ga TBS (84$ of theoretical) and the nitrogen 
content of different batches range from 11.60 to 11. 69$ by the nitrometer method (celculeted 
11.67*). 



Befarencee: 78 



(t) See the following Ploatinny Arsenal Technical Reports on TEGS: 



1953 

2193 



1 

17*5 



1786 

2056 



1767 

1817 



8 

1638 



78 S«t footnote l, page 10. 
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Trluonlte 



% 

Pic-ic Acid 88 

Mononl tronaphtjalenf 12 

C/H Ratio 



90 

10 



l int SutkitKy, 2 Kg Wh 

Bureau of Minos Apparatus, cm 60 

Sampio Wt 20 mg 

Pieotinny Arsonot Apparatus, in. 10 

Sampio Wt. i.tg 



FricHea PorvShws Toot: 

Stool j-- J 
Fibor Shoo 



XMo Mht Impo st Toot: 

Explosions 
Port lab 
Bumod 
Unaffoetod 



Trials 

% 

0 

0 

0 

100 



Seconds, 0.1 (no cap usod) 

1 

S Deccspooes 315 
10 
15 
20 



7I*C lo fom o Hoool Hoof To 
% Los* in 48 Hrs 



IM'C Hoot Toot: 

% tats. 1st 48 Hrs 
% Last, 2nd 48 Hrs 
Explosion in 100 Hrs 



NyffoocopkJty: % 



VotoMOly: 



Molocolor WofpAt: 



217 



Oxypoo Science: 

CO, % 

CO % 



-62 

-It 



gm/cc 



Cost 



1.60 



II ■Htmm *C 



90 



i ‘C 



: *C 



Explodes 



300 



Refractive index, n£ 
Rts 



Vacuum St abi B ty Tost: 

cc/40 Hrs, at 
90'C 
100*C 
120*C 
135*C 
150*C 



0.9 



200 Cram Bomb Send Tost; 

Sand, gm 



U.2 



• t«t--ts. ■ ». | B Ul^lu, 

Minimum Detonating Charge, gm 
Mercury Fulminate 
Load Azide 
Tetryl 



0.20 

o.ot 



BoMoMc Mortar. % TNT: 



TroMl Toot, % TNT: 



Plots Dent Toot: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 



Pstonotlon Rato: 

Confinement 

Condition 

Charge Diameter, in. 
Density, gm/cc 
Roto, meters/second 



None 

Cast 

1.0 

1.6C 

7020 



a , 

< 
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AMCP 706-177 Trimonite 



Origin: 

Tr imoni te, * castable mixture of picric add/monodtronaphthalene vai developed by the 
Brltlah during World Wsr II a* an improvement over trldlte which ie e alrfcure of 80/20 picric 
ecld/dinltrophenol. Both mixtures are suitable for aelt-loadlng below 100°C end therefore 
represent an improvement over melt-losdlng picric add alone (melting point 122°C). However, 
trldlte Is slightly inferior to picric acid as an explosive and dinitrophenol is objection- 
able because of its toxicity. Trimonite Is also slightly inferior to picric acid and TUT as 
an explosive. Because of the low eutectic temperature of the picric a cl d-monooi tronephthe lene 
mixture (*»9°C), Trldlte exudes when stored at elevated temperatures. It does not possess the 
disadvantages of picric add (corrosive action on metals, ease of decomposition, etc.) and is 
a comparatively inexpensive substitute for Oft. 

References: 79 

(a) See the following Picatinny Arsenal Technical Reports on Trimonite: 

£ 1 §. P. 

1352 1325 926 1098 

1372 976 1836 



~vr, 



See footnote l, page 10. 
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2 , ? , £ - Tri n 1 troe ttu- 1-1. , 1* , 1* -Tr 1 nl tr obu t-,- re te ( TKETB 



NMMr San eltle lly Tata: 

Condition 
Tetryl, gm 

'Vox, in. for 50% Oetonotion 
Wox, gm 
Car .sity, gm/cc 



Meet of: 




Combustion, cal/gm 


1685 


Explosion, col/gm 




Got Voluma, cc/gm 




Formation, col/gm 


307 


Fusion, cal/gm 




Sublime* lou, cal/gm (e t) 


801* 


Specific Neat: col/gm/X 


Baratag Rata: 




cn./sac 




Tin ratal Caadncttalty: 




col/sac/cm/ *C 




Caafflclaat af ixpaaslaa: 




Linear, %/‘C 




Voluma, %/*C 


_ 


Hardaaee, Mata' Scale: 






E', dynes/cm* 




E, Ib/inch 1 




Density, gm/cc 




Cemprsealva strength: Ib/inch 3 



Vapor Preeeare: 

•c 

65 

75 

35 

3.00 

120 



mm Mercury 
3* 3 x 101; 
1.3 * 10.! 
h.2 x 10 
2 - 3 x IQ' l 
1.1* x 10"* 



Oxygen, otoms/sec 
(Z/sac) 

Hoot, kilocalorie/mole 
(AH, kcol/mol) 
Tsmparofure Range, 'C 


U.l* x 10 21 
L3.L 


Phot* 


Liquid 


Aeeer Plate Impact Tata: 




60 mm Mortar Pra tactile: 

50*' inert, Velocity, ft/sec 




Aluminum Fineness 




$00- lb General Parpen Betabe: 




Plote Thickness, inches 




1 

l>4 




l‘/j 








Bomb Drop Teat: 




T7, 2000-fc Semi-Anaar-Plarclag Bomb n Cone rata: 


Mox Soft Drop, ft 




500-fc General Purpose Batnb vs Ceacrtaa: 


Height, ft 
Triols 
Unoffected 
Low Order 
High Order 




1000- lb General Purpeee Bomb ve Ceacrtaa: 


Height, ft 
Triols 
Unaffected 
Low Order 
High Order 
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Solvent 

Mwsr 

tuSNCUM 

Carbon tetrachloride 
Bthftaol 
Chloroform 
Baum* 

Bltrcm* thane 
Glacial acetic acid 
Ethyl acetate 



Solubility 

Insoluble 

Insoluble 

Insoluble 

5 sV«30 8* solvent 
5 gm/100 ga solvent 
10 gm/VX) ga solvent 
Very soluble 
Very soluble 
Very soluble 



MBTB Foras Eutectics With the Folio 



| BBSS (bls(trlnltroethyl) succinate) 
I 1BO (bls(trlttltroethyl) nltra&lne) 
j MB (trlnltrobeezene) 

; Compound A (C^Hgl^O- formed by 

condensation of ljl-dini troe thane) 
Trial troe thy 1 trlnltrobensoate (27jt) 



77 

80.5 (f) 



Three polymorphic crystalline forms have been observed. Low tempera tv. i«s Fora I goes through 
a solid-solid transition at 89°C giving Fora II. Fora II hta a melting pol... of 92-5° to 93°C. 
On cooling. Fora II does not transform reversibly to Fora I when 89°C is reached. However, 

Fora II will transform to Fora Z at room temperature, usually taking a few hours to do so. 

Fora III vas observed, vi.ich appeared to be stable over a vary narrow temperature range on 
the order of 0.2° to 0.3°C near 92.5 C. 



(HOg) jCCHgCEgOOCl 



(HOg) CHgOT 



trinicrobutyryl chloride trl nl troethanol 



sulfuric 

acid 



(HOg) 3 CCB 2 CH 2 COOCHgC(B0 2 ) 3 



* Ha 



2,2,2-trinitroethyl-4,4,4-trinitro- hydrochloric 
butyrate acid 

laboratory experiments indicate that the present Slav step involving overnight treatment 
of 4,4,4-trlnStrohutyryl chloride vlth 2, 2, 2-trlnl troethanol ana sluminum chloride can be 
replaced by a fast and simple esterification In sulfuric acid. Using 100>- sulfUric acid a- 
fortified Hg30^, the ester can be prepared In yields of 955& to in 24 hours at 25°C, in 
5 hours at 50°C, or lu 3 hours at 65°C. Abovt 65°C the reaction tine is less, but the yield 
fan- off and a less pure product is obtained. The crude white crystalline product on recryt- 
talllzatlon from dilute methanol gives a material melting at 92° to 93°C. 
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** ISul 



Origin; 



2,g,2-Prlnlt?oe1hyl-k.k.t-Trldtrobut 

(•) 



HHI belong* to a k» dnaa of erplodvee cherecteriied by trial troMthyl group*, 

9m cbamlttry of this clean at Pompoum!* «u atudlad la Garaeny by fin. Scheock 
tad WMalMMllt, who dacorerad In 19^2-19^ b at trim tram* then* or dtrofbrm, HC(*0p) v 
«M tat eouroa of mv nrploeire darlYutlya*. Dr. 3dt-»ck prapejad the atabla aolld alcohol; 
8,8,8-trldtroathenol, tram dtrofbrm and formaldehyde. Dr. Schlme»l*cteidt raaetad altrofora 
wltt unaatnretad organic oa^ouada, aueh at acrylic add, and predicted la 19*3 that tha attar 
of *,*,*- trial trobutyrlc add with trldtroatttad would bn an tntereeti«s asploelwe. 

IB 19*7 tta U.S. Maty began a program to asplare thaaa coupe 9 m Initial task of in- 

▼aet l ga tin g tha ohamletnr of trlaltroathaaol vu undertaken by v a Barculaa Powder Cu^any 
(ttnry Contract BOrd-9925). 9m U. 8. Robber Coapaay atudlaC tht chaaAatry of dtrofoni (May 
Contract BOrd- 10,129). After preparation of tha firrt laboratory aaaplee of 9DDEB, consider- 
able Interact waa aroused. In early 1950 t ha Be ugatuck Chemical mrlaioc of U.S. Rubber Com- 
pany aaa aealgnad to pzapoxa ICO pound* of 9BSB. 9 m Bureau of Orteancb In July 1953 reload 
tha protection to 800 pound* with the aeslatance of the Barculaa Powder fiaa^ pu n y In augt lr^ 
the protection at BTugatuck (te*y Contract BOrd-11,260). TKETB la a high coygan contai 
arploalwa. 



lea of Trinltroettyl Trlnltrobutyratc TBBTB. BAVOKD Report Bo. 



fa) J. M. Boaan, Prc 
1758, 17 December 19557 



(b) teraau of Klnea impart So. 3107, Bart IX, Ballistic Mortar ttato on Trldtrouttyl 
Hid trobutanata. 5 April 4950. 

(c) L. a. Bamboo aad 0. Sradaba, Br aluatton of a .g.g-teU : troethyl-4,l,A-Trinltrobu' , ete 
*c a OonaUtoant of Oaatabla 



lealvea, IX: Selected 



June 1 



“See footnote 1, peg* 10. 
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Tfrialtro ^it 2 idobe a,ten« 



Duff* | * 

mj 



sr 



W: 






« 4 .,- 






A 

0 



2?..h 

50.0 

28.6 




C/HRotte 



3 - 



y. A K§ Wh 

Pureeu of Minos Apparatus, cm (*) 4 25 

Sample Wt 20 mg 
Pkottomy Arsonol Apparatus, in. 

Sample Wt, mg 



Qrygee ReJcve: 

CO, % 

CO % 




-29 

0.0 


Imeeity: gm/cc 


Crystal 


1.81 


t/* 


Decomposes 


131 


m > — m. «-■ e/* 

rTVHHI| V* 







•m _ tti_ _ * t .. •*» 

NNM| n Mr: s. 



■ » ■-« - j S M » »- 

rmnN WMVnM * 

f« 1 Ckn. 

aWi jnot 

Fibor Shoo 



■Mo Baftst Impact Tost: 

Explosions 

Portioh 

Burned 



Trials 

% 



i T amps. m u m *C ' (a) 

Seconds, 0.1 (no cap usod) 

1 

5 150 

10 
15 
20 



»— «■ ■ 

% Laos in 48-Hrs 



IM*C Heat Tost: 

% Lass, 1st 48 Hrs 
% Lam, 2nd 48 Hrs 
Explosion in 100 Hrs 



RmmmUK.'v tmdtn: 




Hygreecepklty; % 30°C, 90% RF 


0.00 



Weight: (C 6 0 6 A 12 ) 
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MitwCTno |||| 

Do 

l& 



Vaettmu St s fclH t y Test: 

cc/40 Hrs, at 
90*C 

100*0 

120*0 

»35*£ 

150*0 



200 Cram lm> Soot Teat; 

Send, gm 



Minimum Detonating Charge, gm 
Mercury Fulminate 
Lead Azide 
Tetryl 



taWstls Matter, % TNT: 




. Ttaoei Test, % PFUf: 


90 



Met* Dent Toot: 

Method 
Condition 
Confined 
Density, gm/cc 
Brisonce, % TNT 



Confinement 

Condition 

Charge Diameter, in. 
Density, gm/cc 
Rate, meters/second 
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O m y WmHwm h . WT a »?i 



rinmiri-T- 



M a* tft, M71 Projectile, Lai WC-*1: 




GkxsCone* Staal Conat 


Oaneity, gm/cc 


Hola Volume 




Charge Wl, lb 


Hota Dapth 




Total Me. at EtagieeeH: 


Ceier 


Greanl ah-yellov 


For TNT 






c For Subject HE 


Madpel Uaan 


(c) Ingredient of prleer elx 


1 inch M, M42A1 PrejecMe, LetKC-S: 






Density, gm/cc 







Charge Wt, lb 

Teiel Me. e» FregemeH: 

For TNT 
For Subject HE 



1 Vebr lt r . «t/sec 

At V ft 
At 25Vi ft 

Drmity, gm/cc 



Meat nUlaNv* to TNT): 
Air. 

Peak Preuure 

Impute 

Energy 



Ait, t n h i i: 
Impute 

IMirWite 

Peok Preuure 

Impute 

Energy 



U edergreee d : 

Peok Preuure 



HUM «l LttAn: F««m4 

Dead preaees et about 4?, 000 pal 



liafcl D a**/: gm/cc 

At te,003 pal 1.75 

Storage: 

Matted 

Halo'd Clan (Quantity -Dietonte) 

Compatibility Group 

Exudation None 

Qualitative Solubilities 
at Room .temperature: 

Solvent Solubility 



Acetone 
Chloroform 
Alcohol 
We ter 



Beadlly aoluble 
Moderetoty soluble 
Sparingly aoluble 
Insoluble 



Compatibility vlth Metals: 

Wet: Does not attack Iron, steel, copper 

or or ae. 



Impute 

Energy 



Heet of: 

Combustion, cel/gm (e) 255^ 



Burning Rete: 
cm/eec 



(b) 

0.65 
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Trial tro Trlazidobenae.ie 







9w chlorine Qronps iM then rap laced by azo groups. This is accomplished by adding a- ace- 
tone aolutlca of the trlnltro tri chlorobenzene, or better, and po-iered substance alone, to 
an actively stirred solution of aodlua azide in alctSwl. The precipitated trlnltro trio si do- 
bensene la collected an a filter, washed with alcohol, eater and dried. It any be purified 
by dissolving in ehloioi am. allowing the aclutloo to cool, end collecting the greenish yellow 
cryatala (melting point 1JL & C with deca^posltlod). 

Origin; 

This initiating explosive was first prepared In 1923 by Turek who also perfected ltd manu- 
fhcture. 



References:^ 1 

(a) S. Half, 'Pacts of Explosive 
24 October 19&9- 



Submitted by Arthur D. Little, Inc., BATR 1T50, 



(b) A. x. Belyaeva and A. E. Belyaeva CR a.s. USSR 52, 503-505 (1946) Chemical Abatraete 
4l, k3lfl. 

A. E. Belyaeva and A. F. Belyaeva, Doklady Aknd Sauk. USSR £6, 491-494 (19*»7). 

(c) French Patent 893»9*>lf Xla Hovember 1944 (Chemical Abstract* 4j% 8374). 

(d) A. D. Ioffe, "Thermal Decomposition and Explosion of Azides,” Proc. Roy Soc A208, 
188-199 (1951)- 

(e) T. L. Davis, Th e Chemistry of Feeder and Explosives . John Wiley and Sena, Inc., 

Rev York (1943), p. 43?. 

(f) 0. Turek, Chla et Ind 26, 781 (1931); German Patent 498,050; British Patent 298,981. 



® l Sc« footnote l, page 10. 
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‘rrlpontoorythrltol Octant trots (TPBOW) 



■setter IseiWsIty Test: 
Condition 

Teftyf, gm 

Wax, in. for 90% Detonation 
Won, gm 
Density, gm/cc 


4 


Heot of: 

Combustion, coVgm 
Explosion, coi/gm 
Gas Volume, cc/gm 
Formation, col/gm 
Fusion, cat/gm 


2632 

1085 

762 


SpeeMs Hoot: col/gm/ ‘C 
Specific Iopuloe: 

lb-sec/lb (calculated) 


210 


Owning late: 

cm/sec 


Tbownel CendeetfHty . 

col/sec/cm/"C 


Uneor, %/*C 




Volume, %/*C 




MfllN* Seek: 


Tseng's Modules: 

I’, dynes/cm* 
E, Ib/inch* 
Density, gm/cc 



C—pwlw ifn s ft b: Ib/lneh* 



Vo per hu ll 

*C mm Mercury 



Oxygen, atoms/sec 

(Z/mc) 

Heot, kilocokxte/mote 
(AH, kcot/mol) 
Temperature Ronge, *C 



Arwer Mete Impost Teetj 



30% Inert, Velocity, ft/tec 
Aluminum Fineness 



Plate Thickness, inches 
I 

» V 4 

m 

IVs 



M Orep Test: 

17, 200Mb Semi Armor Fl e eri n g 

Max Safe Drop, ft 



23*1 

215 to 250 
Liquid 



y» C se t rs te : 



Height, ft 
Triols 
Unoffected 
Low Order 
High Order 

100Mb Oe n e r el Purpose teasb rs Ceecrete: 

Height, ft 
Triols 
Unoffected 
Low Order 
High Order 
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Trlpeateerythritol OcUnltr iv 
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liifilHw Teeh 

>0 mm m. Mil Pw|mlta. tt WC-tl; 
Density, gm/cc 
Charge Wt, tt) 

Total He. W fripuli: 

For TNT 
For Sublet HE 

J tack HI. M4XA1 Piehtfils, It KC4: 

Density, gm/cc 
Charge Wt, lb 

Total No. of Ftafomm: 

For TNT 
For Sublet HE 



Fregeieoe Vrbd^F* ft/«ac 

At 9 ft 
AOSVfcft 

Density. gm/cc 



■W (ReietWe ta TNT): 
Ahr: 

Peok Pressure 

Impuha 

Energy 

Air 

Impulse 

I hli i Water: 

Peak Praiauro 

Impuha 

Energy 



Peok Preuure 

Impuht 

Energy 



Gloa* Conat Steel Conei 

Hole Volume 
Hole Depth 



Colon White 



Frl o dpol Ikw High explosive end at possible 
plasticlier Tor nitrocellulose 



if Ln4h|; 


Oast or pressed 


Loodtag Daoihyi gm/cc 




“ Pressed et 60,000 psi 


1-565 

1 



Storage: 

Method Dry 



Hazard Clou (Quantity-Distance) 

Compatibility Gtoup 

Exudation None 

Rygroscoplclty, Oelo or Loot In Wt, %: 
Tine, Hrs & RH at JS.°£ 





to 


J2L- 


—22 — 


2k 


-0.003 


+0.01 


+0.0* 


k8 


-0.02 


-0.01 


+0.02 


lkk 


-0.0k 


-0.03 


-0.02 


192 


•0.0k 


-0.02 




216 


-0.00k 


-0.01 


+0.03 



Solubility: 



Solvent 

Meter 
Alcohol 
Chloroform 
Acetone, hot 
Benzene, hot 



Solubility 

Insoluble 
Soluble 
Soluble 
Very soluble 
Very soluble 




aajfrlE-QTOIt 
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V 



4 
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Trlpentaerythrltol Octanitrate (TPEOB) 



Cc»atibility With Other High Explosives: 



100°C Vacuum Stability Test: 



j 


NTR 


PETR 


RDX 


TPE0N 


al gai/hO hr a, 5 gm sample | 


0.1k 


2.15 


! 0.39 


2.»»5 


al gas/to hra, 5 g» sample 

of 50/50, tpbon/he 


1.89 


! 1.71 


! j 

2.32 


j , 



Plpentaarythrltol Hexanitrate Fusions; 



| # TPBQN 


# EPEHN 


Solidification Time, Days 


0 

MP, C 


t 100 


0 


l 


83 


! 95 


5 


1 3 


68 


90 


10 


3 


69 


80 


20 


5 


73 


j 50 


50 


30 


60 (Eutectic) 


20 


80 


5 


63 


10 


90 


3 


69 


0 


100 


— 


73 



Twenty grama (0.05 1 * mol) of nitration grade tripentaerythritol (TPE) (99#) minimum purity) 
were slowly added, with stirring, to 160 gm (2-55 mol) of 99# nitric acid at a temperature of 
-25° to 0°C. On equivalent weight beele, this quantity of 99# nitric acid correspond* to an 
excess of 6.3 tinea the TFE used After addition of the TPE, **.. reaction mixture waa atirred 
for about one hour at 0° to 5°C and poured into eight tines its volume of cracked ice. The 
product, when allowed to stand overnight, waa crushed under water; filtered with suction; and 
washed copiously with water. It waa then treated twice with about 5 times its weight of a 1# 
autonlum carbonate solution, atirred for several hours, filtered and washed with water until 
the final washings were neutral to litms. The final product was washed successively with 
50 cc *ach of ethanol and ether. The material dried in air weighed 37.8 gm or 96# of theory 
based on TPE. It had a celting range of 71° to jk°C. Crystallization cf the crude TPBOH frou 
chloroform was found to be the most suitable method of obtaining pure TPBOH. 

0-lgln; 

1PEQN prepared by the reaction of trlpentaerythrltol and 99# nitric acid at 0° to 10°C waa 
reported by Wyler in 19^5 (,T. A. Wyler to trojan Povder Company: U-S. Patent 2,389, 228, 

20 November 19**5). 



>*««V 
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Trlpontaerythrltol Octanitrate (TPSCX) 



{•) J. J. UMonte, H. J. Jackson, 8. Livingston, L. B. Silberooo and M. N. Jones, ®js 
miration and Btoloaive Properties of Brlpeataorythrltol Octanltrats , PATH Mo. 2^90, 19 58. 

0>) K. Baoba, J. Yaaaahita and S. Tanaka, "Pantaerythrltol letranitrate," J Ind Bxploelves 
8oc (Japan) 1£, 262-9 (I95>0i C k j£, 11283 (1955). 

(2) S. D. Brewer and B. Henkin, The Stability of HEM and Psntollts, OSM) Report Bo. lkl*t. 

(d) Z. Berlov, R. H. Barth and J. X. Snow, The Pentaerythrltola , ACS Monograph Bo. 136, 
Reinhold Publlshl 1% Corporation, Mev York, 1958. 
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Triton* 1. 80/80 



fimpnttin: 

hr 

AlualDUB 
C/H Ratio 


So 

20 


If «d fcfUHly, 2 Kg Wl: 




Burecu of Mirm Apporotus, cm 


85 


Somp4« Wt 20 mg 




Picotinrry Anenol Apparatus, in. 


13 


Sample Wt, mg 


16 



Mihnlii Weight; 




81 


Oiyym S#ldlC9S 






CO, % 




•77 


CO % 




-38 


Pmlty: gm/cc 


C*et 


1-72 



MeMeg Mi *C 



SW: *C 



BefCag Mmi *C 



1,1 .gl. - 1 , 1 t 

rfKmH 1 




Steel Shoe 


Unaffected 


Fiber Shoe 


U&affected 


■IA. ■-«*-• « «. — «■ 


Trioii 


Expiations 


6o 


Portiols 


0 


Burned 


0 


Unaffected 


40 


Irrliifr- T-mln 


•c 


I Seconds, 0.1 (no cop used) 6l0 


i 


520 


5 Decompose* 


1*70 


10 


W5 


15 




20 




1 7»‘C letemetleeel Meet Teett 


% LjOM In 48 Hn 




100*C Meet Teeti 




% Lou, 1st 48 Hn 




% Lou, 2nd 48 Hn 




Exp lot ion in 100 Hn 






100 


Hygietrep lelty: % f>°C, 


9vf> m o.oo 



Vaceau StebIRty Teet: 

ee/40 Hn, ot 
90*C 

100‘C 

120*C 

135*C 

150*C 




0.1 

0.2 

0.8 


200 Qftss 0 #m 0 Send Test? 






Send, gm 






m ,e.« ^ i-ut-ti 

9 vnpnngy ra imipwii 






Minimum Detonating Charge, gm 




Mercury Fulminate 






Lead Azide 




0.20 


Tetryi 




0.10 


leWMic Matter, % TNTt 


(») 


124 


Treed Teet, % TNTt 


0>) 


125 


Flat* Peat Tetti 


(c) 




Method 




B 


Condition 




Caat 


Confined 




No 


Density, gm/cc 




i -75 


Briionee, % TNT 




93 


Petsnatlea Rate: 






Confinement 


None 


None 


Condition 


Ceet 


Preeeed 


Charge Diameter, in. 


1.0 


1.0 


Dentity, gm/cc 


1.71 


1.72 


Rote, meten/tecond 


6k 75 


6700 




























^ j»ti 

VOnOrlOn 


(d) 


Oeet 


Tetryl, gm 




100 


Wok, in. for '0% Detonation 


0.58 


Won, gm 
Dtntity. gm/ce 




1.75 


HMifi 

Combuttlon, col/gm 


(e) 


L480 


Expiation, col/gm 
Got Vokxnt, cc/gm 
Formation, col/gm 
Fution, col/gm 




1770 


IpttlHt Hoot: col/gm/ ’C 


0>) 




At -5°C 




0.23 


Dent icy, gm/cc 




l.Tb 


At 20°C 




0-31 


taming Koto: 

cm/toc 


Thermo* CeobocHylty: 

col/ioc/cm/'C 
Density, gn/cc 


(b) 


•A 

U x 10 
1.73 


Linear, 






Volume, %/*C 







Oxygen, otomt/toc 
(2/ toe) 

Hoot, kilocolerio/molo 
(AH, kcoi/mol) 
Temperature Range, *C 

Photo 






Armor Plate Impact Tott: (e) 

A0 mm Matter Pio)»ttHet 


50% Inert, Velocity, ft/tec 


509 


>1100 


Aluminum Finenett 


100 


12 


Ht4 Gtoerol Porpete Bembt: 


Plate Thicknett, inchat 


Trlele 


i Inert 


1 


0 




IV4 


‘6 


100 




6 


33 




0 






***#■*<*•* 9 * 1 i «■ 
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Tritonal. 80/80 



EpspaasSUn Test? 






NaoW, M71 PietssM 


la. Let WCt It 




Density, gm/ce 




i.n 


Charge Wt, * 




2.2T2 


fatal Ns - 






for TNT 




m 


for Subject HE 




6l6 


I task NC, MOA1 fMMHa, U» KC-(i 




Density, gm/cc 




1-73 


Chorgs Wt. lb 




0.914 


fetal Ha. ef Fragateatr: 






for TNT 




514 


For Subject HE 




485 


hapsae Valaihyi It/sac 
At 9ft 
At 25*4 ft 




2460 

2380 


Density, gm/cc 




1.72 


that (MaNss la TMDr 




(t) 


Ain 






Peak Pressure 




no 


Impulse 




U5 


Energy 




119 


Air, CaaMaadt 






ImpuiM 




130 


Under Mfateri 






Peak Pressure 




105 


Impulse 




118 


Energy 




17.9 j 


Peak Pressure 




11? 


Impulse 




127 


Energy 




136 



THT=W0j 



Gkm Const Steal Conn 



Hot* Volume 
Hot* tkrth 



H a tl g ri Umm OP boobs 



Uaaa&y t&n/x. 



1.65-1.72 



Haunt Ctan (Qi ontivy-0«s:anc*) 
Compatibility Gnu? 

Exudation 



Cl*«» 9 



Group I 



Preparation: 

Eri tonal 1* prepared by adding TUT and 
aluainum separately to a ste*B-Je''k*t*d aelt 
kettle equipped with a atirrer. Heating nf 
the kettle and nixing of the ingredients are 
continued until all the THT Is salted. When 
the viscosity of the Mixture Is considered 
satisfactory (about 85°C), the tri tonal is 
poured into projectiles or boobs the as 
TUT. 
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Trltonal, 80/20 



Origin: 



1b* Addition of aluminum to increase the power of explosives wee proponed by Kacelee In 
1899 end patented by Roth In 1900 (German Patent 172,327). Some recent ttudlea, directed 
toward* establishment of the optimum amount of aluminum in the OTT/Aluminum ayatee, hare shown 
that (l) the blaet effect lncreaaei to a maximum when the aluminum content la 30* (»ef g); 
the brlaance, aa Manured by the Sand Teat, peace* through a m s xl mua at about 17* alunlnua 
(Ref h); In fragmentation Mata, no Mxlmua 1* observed, addition* of aluminum oaualng a de- 
cree** In efficiency over the entire range from 0* to 70* aluminum (Ref l); and (A) the rate 
of detonation of cast chargee la continuously decrease? by additions of aluminum up to 40* 
(Ref j). far all practical purposes -t Is concluded that the addition of 18* to SO* aluminum 
to AT Improves Its performance to a maximum. Ala conclusion Is in agreement with that of 
British workers who measured performance of alumlnlxed UfT-mlxtures based on extensive Lead 
Block Test data (Ref k). 

Tri tonal, consisting of 80* AT and 20* aluminum, was developed and standardised In the 
United State* during 'World Mir 17 for use in boobs. 

References: 8 3 

(a) L. C. Smith and B. H. Ryeter, Physical Testing of Explosives, Part in. Miscellaneous 
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(b) Philip C. Keenan and Dorothy Pipes, Table of Military High Explosives , Second Revi- 
sion, HAVORD Report Ho. 87-46, 26 July 1946. 

(c) D. P. MacDougall, Methods of Physical Testing , OSRD Report So. 803, 11 August 1942. 

(4) L. 0. Smith and S. R. Melton, A Consideration of KDX/Max Mixtures as a Substitute for 
Tetryl in Boosters , H0L Memo 10,303, 15 June 1949- 

(e) Coaadttee of Biv 2 and 8, HBRC, Report on HHI and Trltonal , OSRD To. 5406, 31 July 1945. 
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the Beals of Air-Blast Pressure and Impulse, OSRD Report Ho. 4649, Division 2, Monthly Report 
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(h) W. R. Tomlinson, Jr. , Develop Hew Hlt?h Explosive Filler for AP Shot , PAIR Ho. 1290, 

First Progress Report, 19 May 1943- 
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Veltex Ho. W« 
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% 

HKX 




70.0 


Nitrocellulose (13.15)1 N) 


15.0 


Hf troglyeertn 


10.7 


2-H1 trodiphenylamlne 


1-3 


Trlacetin 


3-0 


C/H Rotio 




(ml met Sensitivity. 2 Kg Wt: 




bureau of Mines Apparatus, cm 
Sample Wt 20 mg 
Picatimy Arsenal Apparatus, in. 
Sample Wt, mg 




(ele4l«B * * -* 

rncnvH nnwivni i ew« 




Steel Shoe 


Unaffected 


Fiber Shoe 


Unaffected 


Rifle Bullet Impact Teel: Trials 




% 




Explosions 

Partials 

Burned 

Unaffected 




ixploelee Temperate re: "C 

Seconds. 0.1 (uc cop used) 

1 

5 




10 




15 




20 




75”C Irtemetieeel Heat Test: 




% Loss in r® Hrs 




90 C Heat Teet: 




% Loss. 1st 48 Hrs 


0.28 


% Loss, 2nd 48 Hrs 


1.12 


Explosion in 100 Hrs 


None 


Flammability Index: 


Hygroscopic By: % 


Volatility: 



Ma l eteiar Weight: 



Oxygen Bel area: 

CO, % 

CO % 


-26 

-0.5 


Density: gm/cc Pressed 


1.72 


Melting Feint: *C 


Freezing Feint: *C 


Bailing Feint: 'C 


Refractive Index, n“ 




n£ 




n» 




Vnceem Stability Teat: 




ce/40 Hrs, ot 




90'C 


• •mm 


100‘C 


1-29 


120*C 29 hours 


i 


I35*C 




150*C 




200 Gram Bomb Sand Teet: 




Sand, pm 


66.1* 


tmmnUl-lti »-«**-«»- 




Minimum Detonoting Charge, gm 




Mercury Fulminate 


• ••m 


!-sod Axide 


0.30 


Tetryl 


— 


Bellletic Mortar, % TNT: 


Troasi Test, % TNT: 


Fiata Dent Teet; 




Method 




Condition 




Confined 




Density, gm/ee 




BrtftO’K*, % TNT 





h-|.- .tl. n ■ aA. , 

Confinement 

Condition 

Chorge Diameter, in. 

Density, gm/cc 

Rate, meters/iecond (calculated) 



* See footnote <... relieving pagt 
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Veltex Mo. W8* 



MHH7 •MMITVf I OTt 

Condition 
Totryi, gm 

Wax, in. for 30% Ootonotlon 
Wax. gm 
Dtmity, gm/cc 



Moot oft 

Combuttion, col/gm 
Explo o ion, col/gm 
Gao Volume, cc/gm 
Formation, col/gm 
Fuoian, col/gm 



Oxygon, otomo/soc 
(Z/ooc) 

Hoot, kilocolorio/molo 
(AH, kcol/mol) 
Tomporoturo Kongo, *C 
Photo 



Aimer Plofo bnpect Toth 



50% Inort, Voiocity, ft/ tec 
Aluminum Finenetc 



Conpreoolon ot Rupture: ^ 

Work to Produce Rupture: 
ft- lb/inch 3 



Plot* Thickntu, inchot 



cm/ooc 



Thermal Conductivity: 

col/toc/cm/*C 



Linear, %/’C 
Volumo, %rC 



Yeeng'o Modafot: 

E', dynet/cm 1 
E, Ib/inch* 
Deneity, gm/cc 


0.2b x 10 XO 
C 35 * 10 5 


- Ctoipwdvi Strength: Ib/inch’ 


2720 


Veper Proetoro: 

*C mm Mercury 




•Moo* eeelgned by Dr. Mer M. Jones, fomerly 
of PA; booed on original development by 
Jenee H< Veltoon. 



77, 200Mb 1 11 A ian P for c lo g 

Max Safo Drop, ft 



Height, ft 
Trials 
Unaffected 
Low Order 
High Order 

10004) Gooerol Purpose Bomb n C o ncr e te : 

Height, ft 
Triolt 
Unoffoctud 
Low Order 
High Order 
















VelW No. W 
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NmM,M71 PreiectUt, I 
Density, gm/cc 
Charge Wt, a> 

For TNT 
For Subject HE 

J tack Hi, M42AI Mocrilo. 

Density, gm/cc 
Otago Wt, lb 

Total No. of Fngtac*«i 
For TNT 
For Subject HE 



F rognoot Velocity: ft/sec 
At 9 ft 
At 25V4 ft 

Density, gm/cc 



West (totatiro So TNT): 
Air: 

Peak Pressure 

Impulse 

Energy 

Air, CeaAeod: 
Impulse 

Uedee Wetar 

Peak Pressure 

Impulse 

Energy 



Let WC-91: 



Eh eg of CL ergo Wirt f usm, TNT = INi 

Gloss Cones Steel Cones 

Hole Volume 
Hois Depth 



Let KC-3: 



Celtrt 


Orange 


Prlstlpsl Uses: High ■echscloel strength 
■echi noble explosive 


Method of Loedtag: 


Pressed 


l.seOwg Psesltyi gm/cc 
At 6,700 pel 


1-72 


Stafogot 




Method 


Dry 


Hazard Clots (Quorrtir/Dtstoncs) 




Compatibility Group 




Exudation 
Mochi nobility 


None 

Excellent 



Peak Pressure 

Impulse 

Energy 
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Veltex No. W 



the preparation of this class of explosive compositions is illustrated by tl.e metnod used 
for Veltex So. W3: Place 675 cc of water in a slurry kettle equipped with an aglt-'t-.—. Add 
5.85 gm of 2-nltrodlphenylamine and agitate for several minutes to obtain dispersion. Then 
add 93.7 gm of water-wet nitrocellulose (dry weight 67.5 gm) in small portions. P-ise the 
temperature to W3°C and maintain this temperature, but continue the agitation. A mixture of 
48.2 gm of nitroglycerin and 13-5 gn of triacetin is added over a 5-minutu period, with the 
mixing continuing for an additional 10 minutes at h8°C. The I MX (350 gm) ic udded over a 
3-minute period with agitation continued for 30 minutes at b8°C The slurry i3 cooled to 
room teqperature and filtered. The filter cake ia dried to a moisture cont-.it between 8 jf and 
1251. The incorporation of this mix is completed * rolling 50 gm port-ions at a temperature 
of approximately 90°C- Tie finished coll d is then preheated on a heat table an to’c. In- 
crements of 25 gm each are pressed at 670 . psi for four minutes at 71°C. A cylinder is then 
built up by pressing together four 25 gc. increments for a dwell time of 15 minutes. 

Origin: 

Veltex is the name given to a series of closely related nitrocellulose compositions pre- 
pared in 1957 at Picatinny Arsenal by the solventleaa process used for propellants. These 
compositions all contain a high percentage of solid high explosive. They were investigated 
to determinate the suitability of the Holtex type explosive developed by Hispano Suiza of 
Switzerland, France and Spain, but for which the composition was not reported (Ref a). Com- 
positions similar to Veltex Ho. W*8 and containing 6056 to 80# HMX, with either nitroglycerin 
or triethyleneglycol dinitrate ae colloiding agent for nitrocellulose, have also been prepared. 
In general these compositions showed lower heat stability than that of conventional high ex- 
plosive compositions. 



Reference: aA 

(a) U. S. Air Intelligence Information Report IR-269-55, HoItex--Hispano Suiza 
4 May 1955- 



plosive, 



See footnote l, page 10. 



u IS. f.OVIHNMKM t'HIMIV. tit frit i. I'7| <) 430 



¥ 






) 



i - 
I 

i <■'. 

y ; . 

h ?»'* ■ 



i 

\ 





i 

l 

i 

1 

t 

* 

t 

1 




\ 

\ 

V 

♦ 



? 

s 



> 

ft •' 
* 

1 

I 1 



ft 



I 



i 

i 

t 

» 

I 

f 

l - 

i 

» 

I "~- 

t 

* 

* 

t 

t 

* 

* 

ft 

i 



1 

9 • 

ft 

ft 

I 

l ( 

* 

-j 

i 



(AMCRD-TV ) 

FOR THE COMMANDER: 



OFFICIAL: 



t: 




6 



R. HORNE 
Colonel, GS 

Chief, HQ Admin Mgt Ofc 



DISTRIBUTION: 



Special 






AMCP 706-177 



CHARLES T. HORNER, JR. 
Major General, USA 
Chief of Staff 



* 

% 

* 

<1 




k 






ENGINEERING DESIGN HANDBOOKS 

Liittd below are the Handbooks which hive bw published or ere currently under preparation. Handbooks with publication 
date* prior to 1 August 196? wore published it 20* series Ordnance Corps Pamphlets. AMC Circular 3)0-38, 19 July 1963. 
“designated those publications as 706-series AMC Pamphlets (e.g.. OftOP 20-138 was redesignated AMCP 706*136). AM new. 
reprinted, or revised Handbooks are being published as 706-seHes AMC Pallets. 



100 “Oesign Guidance tor Producibi lit* 

104 “Value engineering 

106 Elements Of Armament Engineering, Part One, 

Sources of Energy 

107 Elements of Araaaent Engineering, Part Two, 

Ballistics 

108 Elements of Armament Engineering, Part Three, 

Weapon Systems and Components 

109 “Teoles of the Cuaulatlve Binomial Probabi litie* 

110 Experimental Statistics, Section 1, Bas * ‘ Con- 

cepts and Analysis of Mr**u**ement OaU 

111 Experimental Statistics, Section 2, Analysis u- 

Enuaerative and CUssif icatory Data 

112 Expjriewncal Statistics. Section 3, Planning 

and Analysis of Comparative Experiments 

113 Experimental Statistics, Ssctior 4. Special 

Topics 

114 Experimental Statistics. Sectivr. C, Tables 

115 Environmental Series, Part One, Basic Environ- 

mental Concepts 

116 •Environmental Senes, Part Two. Basic Environ- 

mental Factors 

1 20 “Criteria for Environmental Control of Mobile 

Systems 

!21 ••Packaging and Pack Engineering 

123 “Hydraulic Fluids 

125 Electrical w*re and Uote 

127 “Infrared Ml’itary Systems. *>art One 

128(S) *Infr#red Military Systems. Part 7wn « U) 

130 Design for Air ’ronsport « nd A. dnj of 

Mat.yricl 

133 “Hilr'^inabl lily lng»-«>eri ig T h#ory «no Practice 

134 Mr rtaln«. < lity Guide f De*-gn 

135 In,«ntions, Paie-i>, «nd Related Matters 

136 Ser mwchenisw* . Section 1, Tneory 

137 Servomechanisms, Section 2, Measurement a«d 

Signal Converters 

138 Servomecnanisms, Section 3, Amplification 

139 Servomtchan:sm*. Section 4. Pow *' Elements and 

System Design 

140 Trajectories, Differential f>fects. and Data 

for Projectiles 

145 “Dynamics of a Tracking Gtmfcal System 

150 Interior Ballistics of Guns 

16Q($) Elements of Terminal Ballistics. Part On*. Mill 
Mechanisms and Vulnerebi li ty (U! 

161 (S) Elements of Terminal Ballistics. Part T^o, 

Collection and An#l-s»s of Data Concerning 
Targets (u) 

162 (SAD) Elements of Terminal Batistes. Part Three, 
Application to Missile and Space Targets -u) 
165 Liquid-Filled Projectile Design 

170(C) ““Armor and Its Application (u) 

175 Solid Propellants, Part One 

*$(C) Sol id Propel 1 ants. Part Two (U) 

. ./ Properties of C*plosivcs of Military Interest 

178(C) “Properties of E«p.«'»*4 of Military Interest. 

Section 2 (U) (AEPlACED B* -177) 

179 Explosive Trains 

180 “Principles of Explosive Bah ww 

185 Military Pyrotechnics, P»rt One, Theory a"d 

Application 

)U Military Pyrotechnics, Part Two. Safety. 

Procedures and Glossary 

18/ Military Pyrotecnnlcs . Part Three, Property** 

of Materials Used in .yrotecftnk Compositions 

188 “Military Pyrotechnics , Part Four, Design of 

Ammunition ' r Pyrotechnic Effects 

189 Military Pyrotechnics, Fart Five, bibliography 

190 “Army Weapon Syste* Analysis 

191 “Systam Analysis and Cost-Effectiveness 

195 “Development Guide for Reliability. Part One. 

Introduction, background, a«d Planning for 
A rug? Materiel Requirements 

196 “Development (miide for Reliability. Pert T*o, 

Design for Reliability 

197 “Development Guide for Reliability, Part Three, 

Reliability Prediction 

198 “Development Guide for Reliability. Part four, 

reliability Measurement 

199 "Development Guide for Reliability. Part five. 

Contracting for Reliability 

20D “Development Gutde for Reliability, ?*•' S»«. 
Mathematical Appendix and Glossary 



201 “Rotorcraft Engineering, Part Jne, Preliminary 

Design 

202 “Rotorcraft Enginvering, Part Two, Detail 

Design 

203 “Rotorcraft Engineering, Part Three, Qua? ' Sta- 

tion Assurance 

205 “Timing Systems and Components 

210 Fuzes 

211(C) Fuzes. Proximity, Electric*), Part One (U) 

212(S) Fuzes. *foximiiy. Electrical, Part Two (U) 

213(S) Fuzes, Proximity, Electrical, Part three (li) 

214($) c uzes. Proximity, Electrical. Part Four (U) 

215 f C) Fuzes, Proximity, Electrical, Part Five (11) 

235 “Heraenlng Weapon Systems Against RF Energy 

239(5) “Smell Arms Ammunition f Ui 

24C(S) Gr enacts (U) 

241(Sj “Land Nln«s (y- 

‘*2 Design for Control of Projectile Flight 

Characteristics (REPLACES -246) 

244 Aem^nitton, section I, Artillery Aaamnitlon-- 

Generol, with ’able of Contents. Glossary, 
and Index for Senes 

245(C) AMminttion, Section 2, Design for Terminal 

Effects ( D) 

24b ♦Ammunition, Section 3, Design for Control of 

Flight Characteristics (REPLACED 8f -242) 

247 Ammunition, Section 4, Design for Projection 

2*8 •4mmjniti v », Section 5, Inspection Aspects of 

Artillery Ammunition Design 

249 Ammjhitior. Section 6, Hanufacture of Metallic 

Components o* Artillery Ammunition 

250 Guns--G*neral 

25) Muzzle Devices 

2 52 Gun Tubes 

255 Spectral Characteristics of *A<z/ie Mas" 

2b0 Automatic weapons 

2/0 Propellant Actuated Devices 

280 Design of Aerodynamical ly Stabilized Fr.»e 

Rockets 

281 (SRC) weapon System Eftecti veness (u) 

282 “Propull ion and Picpel’anrs {REPLACED Bf *285) 
28 J Aerodynamics 

28d{c) Trajectories • u ) 

285 E’ements of Aircraft and Missile Propulsion 

PfcPLACC:- 

286 Structures 

29C(C. warhaedS’-General •' ■; / 

'91 iu r f ac*- to- A i r Missiles. Part One. System 

Ictagrat'on 

292 face-to-Air Wvv: il*s . Part Two, weapon 
Control 

293 Surface to*Air Missiles. Part Three, Computers 

294. S) Surfare-to-Air Missiles, Part Four, Missile 

Armament (u! 

29V S) Surf|ce*to-A»r M *t?iTes. p art five. Counter 

measures \l' f 

29b Vurface-U-AIr Missiles. ®art Sis, Structure*, 

and Po*e» Sources 

29 7;Si SurfacC'ti-Atr Miss' les, p *rt Seven, Sample 
Prociem fu) 

32? f ir* Cortrol SyStetiK* -Genera! 

329 F- *e Control Computing Systems 

iil Compensating Elements 

335lSRO) “Design t •*ineers‘ Hue .'ear Effects Manual, 

volume l. Munitions and weapon 5,t»- "s (Uj 
JJblSRD; “Design Engineers Nuclear Effects Her**:, 

volume II. Electronic systems and logistical 
Systems cu> 

33/(SRD) “Desi jn Engineers Hutlv# 1 ' effects Manua 1 
■oluaa III, Hue I ear Environment (Ul 
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342 Recoil Systems 
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350 Wheeled Amphibians 
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